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PREFACE. 



The object of this book is to present to practical men a 
clear explanation of the operations of a slide yalye under the 
conditions in which it is found in actual practice. The 
author belieyes that its clear and concise treatment of the 
subject will leave nothing to be desired, even by those who 
begin it in entire ignorance of the subject matter. 
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THE SLIDE VAIYE. 



WITHOUT LAP. 

The simple term slide valve is understood to mean a single 
yalve such as is shown in Fig. 1. Devices which have a 
second yalye for the purpose of cutting off the steam supply 
or for the exhaust, are distinguished by a second appellation 
denoting the object of the design or the action of the Talves, 
as "cut off slide valve," '^automatic cut-off slide valve," etc. 
etc. The slide valve is in universal use for locomotives and 
small stationary and boat engines, but has been largely re- 
placed in large stationary engines by automatic cut-off valves. 

In some cases a steam engine cylinder has its slide valve 
motion constructed in two divisions, a steam port and an ex- 
haust port at each end of the cylinder, the two valves being 
connected together by a rod. The object of this arrangement 
is to obtain short steam passages ; but since the action of the 
valve is precisely the same as if the two valves were consoli- 
dated into one, as in all our examples, no attention need be 
given to them. 

The simplest form in which the slide valve is made, is that 
shown in Fig. 1, in which A represents the steam port for one, 
and By the steam port for the other end of the cylinder, while 

(5) 



(TrepresentB tbe cylinder exhaust port; DD, tlie bridges; E, 
the slide TalTO, and F, the valve exbanst port. The valve ia 
shown in the podlion In which it stands when the piston is at 



the end, B, at the cjlJnder; the port A, acting as a steam 
port that ia lo nduit ateam from the steam chest into the cyl- 
inder. The steam in the cylinder in the side, S, of the piston 
(which steam propelled the engine the previons stroke) now 



finds egress through the port, B, and thence through F and 
to the exhaust pipe. 

The valve after traveling in the direction of the arrow, «/", 
until it leaves the port, A, full open,, reverses its motion and 
travels back, closing the port, A^ and opening, B^ to the steam 
in the steam chest. It will be noted that there is shown a 
slight opening left by the valve to the port, A, and the amount 
of this opening when the piston is at the exact end of its stroke 
is called the Uad of the valve. The action of lead is three- 
fold ; first, it admits steam to the piston before it has arrived 
at the end of the stroke, and this steam acts as a cushion, 
causing the piston, etc., to reverse its motion easily. Sec- 
ondly, it assists the admission of the steam, tending to per- 
mit the steam passage to become supplied with steam at the 
steam chest pressure by the time the piston reverses its mo- 
tion ; and, thirdly, it assists the exhaust in its early part, 
which is of especial importance to a valve such as is shown 
in Fig. 1. 

If the valve had no lead it would stand so as to just close 
the two ports, A and By when the piston stood at either end of 
the stroke, and then while the piston made a stroke the valve 
would move so as to first open and then close the requisite port. 
Suppose, for example, the piston shown in Fig. 1 were to make 
a stroke ; while it was doing so, the valve would move in the 
direction of the arrow, J, until it left the port, -4, wide open, 
whereupon, it would travel back and reclose that port, arriving 
at the precise position from which it started at the same instant 
that the piston terminated its stroke. It will be noted that 
precisely as the port. A, opens as a steam port, the port, B, 
opens as an exhaust port, and mce f>eria, so that while (7 and 
i^ always act as exhaust ports, A and Pact alternately and re- 
spectively as steam and exhaust ports, the lead of the valve 
acting the same at each end of the stroke, that is, opening the 
steam i)ort on one side and the exhaust port on the other side 
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of the piston in advance of the piston arriving at the tenninai 
of its stroke. The lead of the valve is determined by the po- 
sition of the eccentric. In Fig. 2, a A represents the center 
line of the crank, and c the throw line of the eccentric, the line, 
^, representing an imaginary line, standing at a right angle 
to a A. Now if the eccentric stood so that its throw line 
was at a right angle to the center line, a A of the crank, it 




would have no lead, or angalar advance, as it is sometimes 
termed, and hence, the valve would have no lead. Suppos- 
ing, however, the crank in Fig, 2 to revolve in the direction 
of the arrow, by moving the eccentric forward (that is in the 
direction in which the crank is to revolve) so that its throw 
line stands in advance of a line intersecting the center of the 
cr8.nk-shaft, and at a right angle to the center-line, a A, of the 
crank a valve may be given any desired amount of lead. 
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The angular advance or lead of the eccentric shown in Fig. 2 
being the distance between e and E, In American locomo- 
tive practice, the amount of lead given varies from about 
8-32d to 8-16th inch, while in English practice it is gene- 
rally more, ranging from 3-32d to ^th-lnch. In stationary 
cut-off engine practice, from l-64th to j^th-inch lead is the 
usual proportion, and in many cases not more than l-64lh- 
inch is employed. If a valve is given exhaust lap, a portion 
of the exhaust steam is enclosed in the cylinder, and acts both 
to cushion the piston and fill the passages with steam at a 
pressure, the difference between its action and that of the lead 
being that the former renders the exhaust less free, while the 
latter assists it. Since, however, a valve having no steam lap 
is apt (unless its movement is a very slow one) to have a 
cramped exhaust, lap on th^exhaust side is inadmissible in 
such valves and the subject need not, in this connection, be 
discussed. 

The objections to the use of a valve such as shown in Fig. 
1, are that it does not cut off the steam supply before the pis 
ton has arrived at the end of its stroke, and the steam in the 
cylinder is not used expansively, and, therefore, not econo- 
mically. Then, again, the admission and exhaust of the 
steam to and from the cylinder, takes place slowly, with the 
result that neither occurs freely until the piston has traveled 
some distance. To demonstrate the effect of such a valve it 
will be well to introduce the form of diagram it is intended to 
employ to illustrate the operation of the various forms of 
valves to be hereafter considered. 

Let us suppose, then, that we have in our possession an 
engine of 24-inche8 stroke, the connecting rod being three 
times the length of the stroke ; the valve elements being as 
follows: — ^Width of steam ports, 1-inch; width of bridge 
]-inch ; width of exhaust port 1-inch ; lap 0, lead l-16th inch; 
travel of valve 2 inches. Then starting from the end of the 
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stroke nearest to the crank, we move the engine piston an 
inch, and measure how much the steam-port is open ; then 
after moving the piston another inch of the stroke, we again 
measure the amount the steam-port is open, making in each 
case a note of the data thus obtained, and continuing the 
operation through a full revolution of the engine, and noting 
down the position of the valve on both the steam and ex- 
haust ports respectively. From the data thus obtained, we 
construct our diagram, as follows : — ^We draw the line. A, B, 
in Fig. 3, which represents the length of the engine stroke ; 
this line we divide off into as many equal divisions as there 
are inches in the piston stroke, so that each line denoting a 
division will denote an inch of piston movement. Above 
this line, AB^ we draw the parallel line, e e, the distance be- 
tween the two lines being the exact width of the steam ports 
of our engine. The line, D i), is next drawn, parallel also 
with A B, but below it to an amount equal to the width of 
the steam port. The lines at right angles to the line, AB, 
and representing the inches in the engine stroke, being 
drawn to intersect, respectively, the three parallel lines A B, 
e c, and D i), we take our data of the piston and valve 
movements, and proceed as follows : — ^Beginning at A, we 
make a mark above it, a distance equal to the amount of lead 
on the valve of our engine, then passing to the next line 
(above the line A Bf)we make thereon another mark, its dis- 
tance or height f^om A B, being the amount that our data 
show the valve was open when the engine piston had moved 
an inch. This process we continue until we arrive at the 
24th line, and then a line drawn through all the marks so 
made will show at a glance how the port was opened for 
the admission of the steam. Then turning to our data, we 
mark, in like manner, on the lines from 1 to 24, respective- 
ly, but below the line A B, and beginning at the right hand, 
the width the exhaust port stood open from the 1st to 



the S4Ui inch of tbe exh&ast, and drawing a line through 
these points will denote exactly bow tbe port opened and 
doaed daring the ezhauat of the steam. Thus, then, we 



i 

I 



have a record of tbe adroiulon and exhaust for one stroke of 
the engine, or, in other words, of the admisaion and exhaust 
of the steam through the port nearest to the crank end of 
the cylinder. Wo (hen go ihrougb the same process, using 
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the data obtained by the other stroke of the engine piston ; 
but in this case we leave the dots intact instead of drawing 
a line through them, and thus we not only distinguish one 
diagram from the other, but we are afforded an excellent op- 
portunity to perceive and compare the difference in the action 
of the valve during one stroke as compared with the next. 
Thus on referring to Fig. 8, we read that during one stroke, 
the port did not open full as a steam port until the piston 
had traveled more than eleven inches of the stroke, while 
during the other stroke it stood full open at the tenth inch of 
the stroke. Then we find that the exhaust was full open for 
one stroke at the ninth inch of the piston movement, and Ifor 
the other stroke at the thirteenth inch. We may also readily 
observe that on the stroke in which the valve opened the 
slowest tor the admission, it opened the quickest for the ex- 
haust of the steam, and if we desire to know how wide open 
the port stood at any particular inch of the stroke, we have 
but to measure the length of the vertical line referring to 
that inch of the stroke. For example, when the piston was 
moving away from the crank, the port at the seventh and 
twenty-first inches of the piston movement stood open }-inch 
and finch, respectively (as marked upon the diagram), or 
during the other stroke of the piston the port stood ppen as a 
steam port }-inch, when the piston had moved 3 inches, and 
stood open j-inch as an exhaust port, when the piston had 
moved 4 inches of the return or exhaust stroke. 
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STEAM LAP, OR LAP ON THE STEAM SIDE OF 

THE VALVE. 

In all engines in which the slide yalve is operated by a 
revolving eccentric, the yalve should have what is termed 
steam lap, for although without this lap the steam at about 
steam-chest pressure will follow the piston for the full length 
of the stroke, as shown in Fig. 3, yet the engine will exert 
less power than it would if by means of steam lap the steam 
supply were cut off at some point before the piston arrived at 
the end of the stroke. At what particular point this will be 
in any given engine will depend upon the speed at which the 
engine runs, but in any event the faster the engine runs the 
earlier in the stroke should the steam supply be cut off to ob- 
tain the maximum of power from the engine. Now especially 
is this the case if the valve have but little or no lead. The 
reason of this is, that with a minimum of lead and no steam 
lap, the steam on the exhaust side of the piston cannot escape 
quickly enough to prevent its exerting a back pressure on the 
piston. 

The lap of a valve is the amount by which it overlaps the 
cylinder steam ports when it stands in mid-position ; thus, in 
Fig. 4 the lap is the distance from J. to £ on one side and 
from (7 to D on the other side. 

When the word lap is used unaccompanied by the terms 
steam or exhaust, it is understood to refer to lap on the steam 
side of the valve (as shown in Fig. 4), because while nearly all 
valves have steam lap, a majority of them have no exhaust 
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lap. Bo, likewise, the edges E, E, of the Talve (Pig. 4) are 
called the itcam edges, because they operate to admit or cut off 
tlie steam to and fl^oiD tbe cylinder ports, and are at all times 
isolated lh)m the exhaust ports. The edges F,!" (Fig. 4) of 
the valve are called the exhanst edges because tbey operate 
to open or close the exhaust of the steam from the cylinder. 
The lajjisnsuallymeasuredononesideofthe valve only ; thus, 
if (in Fig. 4) the valve measured an inch from J. to Band aa 
inch from C to A it would be said to have on inch of lap, or 
an isch of steam lap, both terms signifying the Bomo thing. 



The object of the steam lap is to cut off the supply of steam 
from the steam chest into the t^linder before the piston 
has completed its stroke, and the point In the stroke at which 
the supply is cut of^ Is called the point of cut-off. 

By using the steam expansively a more nsefUl effect is ob- 
tained txara it than would otherwise be the case. Suppose 
for example that the steam is exhausted from a high pressure 
engine cylinder at a pressure of 40 lbs. per square inch, and 
that the pressure of steam in tbe boiler was 75 lbs. per square 
inch, then it is evident that tbe fuel consumed in order to 
convert the feed-water into steam up to a pressure of 40 ft>s. 
per square inch (tbe exhaust pressure) is not represented 
by any power imparted to the piston. Another way to view 
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the gain due to expansioii Is to euppoee a platon having a 
stroke of 24 izjcheB to receive steam ftom the Bteam chest dnir- 
iug the first 12 inches of its stroke only, then whilo it ie ttaTel- 
ing the last 13 Inches the steam in the cylinder will expand 
and still Impart power to the piston, and this power constitntes 
the gain due to working the steam expaaai vely, since it was ob- 
tained without the expenditure of any steam from the steam 
chest other than that necessary to fill the the cylinder during 
the first 12 inches of the piston etroke. It follows, then, that 
the steam is used the moat economically when it is eihauatcd 
ttom the cylinder at a pressure equal to that of the atmosphere. 



In Fig. 6, the valve is shown in the position in which it cuta 
off the steam supply to the cylinder, the piston and the Valvti 
traveling respectively in the direction denoted by the arrows, 
and the steam occupying that portion of the cylinder iron) 
AioB. 

Another and important object gained by giving a valve 
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steam lap is the obtainance of a free exhaust, which is of 
great importance, especially in a fast running engine. What- 
ever the amount of steam lap is, to that extent will it cause the 
valve (supposing it to have no exhaust lap) to leave the ex. 
haust port open when the piston is at the end of its stroke. If, 
for instance, we suppose the piston in Fig. 5 to be at the end, 
-4, of the cylinder, then the valve would be in the same posi- 
tion, but traveling in the opposite direction, to that denoted 
by the arrow, and the port (7, would be on the point of open 
ing as a steam port, while the port, D, would be acting as an 
exhaust port, and the latter, instead of being, closed as was 
the valve shown in Fig. 1, would be open, as shown in Fig. 6. 
In addition to this, however, the valve having lap must, 
in order to let the steam ports open f\ill, necessarily have a 
proportionate increase of travel, and this again helps to give 
freedom to the exhaust steam by keeping the exhaust port 
open during a greater portion of the stroke. In like manner 
the increase of valve travel causes the valve to open the 
steam port quicker, giving a more ready supply of steam to 
the cylinder. 

For example, in Fig. 1 was shown a valve having no lap 
and in Fig. 3 was shown a diagram demonstrating the open- 
ing or closure of the steam and exhaust ports. In Fig. 5 is 
shown a similar valve with steam lap added. The propor- 
tions being : Width of steam ports 1 in.; width of bridges 
J in. ; width of exhaust port 2 in. ; steam lap j in. ; exhaust 
lap 0; travel of valve 8 J in. 

The only variations between these dimensions and those of 
the valve shown in Fig. 1, are that J-inch steam lap has been 
added, and, as a consequence, the cylinder exhaust port has 
been widened. . 

In Fig. 6 is shown a diagram of the above valve, obtained, 
as before, by measuring the ports at each inch of piston move 
ment, the full lines being for the cylinder port &rthest from 



It will be observed, from this dUgram. that the port nearest 
tlie cr&nk obtained Its maximum of opening as a Bteam port 
at the seventh Inch of pistcm movemeot, but that it did not 
open to ita fall extent (the reason of this will be shown fur- 
ther on). It commenced to perceptibly reclose at tbc ninth 
inch of platon movement — the expansion began at 19^ and 
ended at 223 — and that the port opened as an eshanat port J 
in. by the time the piaton completed i(s stroke. As an exhaust 
port, It remained fall open until Ibe sixteenth -Inch of piston 
movement, the cushioning at the 3Sd Inch and the lead be- 
ginning to open cloae to the end of the stroke. 
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v' Now oompariag the operation of this port to that of the 
other cylinder steam port (as denoted hj the dotted diagram), 
we observe that it opened slower and remained open longer, 
it used the steam less expansively, the exhaust closed earlier, 
and the cushioning was greater. And furthermore, comparing 
the difference between the port openings during the two pis- 
ton strokes with that shown in the diagram in Fig. 3, we find 
it a great deal more in this case. 
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THE ANGULARITY OP THE CONNECTING ROD. 

Suppose that in Fig. 7, the point, J, represents the dia- 
metrical center of a cross-head journal, and that the dotted 
circle represents the path of the center of the crank-pin. 
From Aio B, then, will represent the first quarter-revolution 
of the crank (the figures from 1 to 4 denoting the respective 
quarter crank movements). The length of the line, J, firom 
the center of the crank-shaft to the point, I, will represent 
the length of the connecting rod ; and if, setting a pair of com- 
passes to this length, and using the point, I, as a center, we 
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mark the arc, K, it becomes evident tbat the point at the 
junction of the arc, K, with the dotted circle, is the point at 
which the center of the crank-pin will stand when the piston 
is in the middle of its stroke, and it follows that by the time 
that the crank has made a f\ill quarter revolution (from A to 
B) the piston will have traveled more than half its stroke to 
an amount that is dependent upon the proportion existing be- 
tween the length of the crank and that of the connecting rod; 
and the greater the relative length of the latter the less will 
that amount be. In the case under consideration, the stroke 
being 24 inches ana the connecting rod 72 inches long, the 
piston will have traveled three quarters of an inch more than 
half of its stroke by the time that the crank has made its first 
quarter revolution, and it follows that during the second 
quarter crank-revolution the piston will travel less than half 
its stroke. For the third quarter crank revolution the piston 
movement will be the same in amount as it was during the 
second, and for the fourth the same as during the first. 

The speed of the crank being uniform, it follows that that 
of the piston is irregular, and no matter in which direction the 
engine is running, the piston will travel relatively the fastest 
during each of the half-strokes performed between the end 
&rthest from the crank and the middle of the cylinder. Sup- 
pose then that the opening and closure of the valve were 
performed uniform for each piston stroke, and that the crank 
made a half-revolution, starting from A in Fig. 7, traveling in 
the direction of the arrowand arriving at C7. The speed of the 
piston being excessive during the first quarter crank move- 
ment, the opening permitted by the valve during that quarter 
revolution for the live steam to pass through is less in propor*^ 
tion to the piston movement than it should be. Now let us 
take the' return stroke ; while the crank is traveling from 
C to D, the piston will be moving below its average speed, 
ftnd the port opening for the supply of steam being allowed aa 
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uniform for each stroke, tlie supply of steam will be greater 
in proportion to the piston movement. 

If we turn to the diagram shown in Fig. 3, we shall find 
this variation shown very plainly, and yet very minutely ; 
the egg-shaped diagram in fUU lines being the roundest on 
the right-hand side, which represents the end of the cyl- 
inder nearest to the crank. Confining ourselves to the half 
of the Ml line diagram above the line, A B, we find that the 
part of its length from 1 to 12}, which represents the port- 
opening during the first quarter crank movement, we find it 
more oval-shaped than it is from 12 j to 24, representing the 
second quarter crank movement, and the difference between 
the shapes of the two represents the precise difference arising 
from the varying piston movement, which is caused by the 
angularity of the connecting rod. Examining the effect of 
this angularity of rod upon the same port acting as an ex- 
haust port, we find, from the part of the full line diagram 
below the line, A B, that the same irregularity exists, 
the only difference being that while it operated to diminish 
the opening of the port as a steam-port, it increased it as an 
exhaust port in a precisely similar ratio. 

Turning now to the diagram shown in Fig. 6, we find that> 
although the relative lengths of the crank and connecting rod 
remained unchanged, yet the above conditions are reversed, 
for, whereas the diagram in Fig. 8 showed that the port (re- 
presented by ^he fhll line) acting as a steam ix)rt opened 
slower than it closed, that represented in Fig. 6 by the full 
lines (both representing the corresponding piston stroke) 
opened quicker than it closed. On the exhaust side (in both 
diagrams), however, it opened quicker than it closed, this 
effect being produced directly from the alterations made in 
the cylinder exhaust port— the valve— and the throw and lead 
of the eccentric, and infiuenced indirectly from varying the 
relations of these elements to the angularity of the connecting 
rod. 
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THE ECCENTRIC, PISTON AND CRANK MOVE- 
MENTS. 

The action of an eccentric movement converted into a re-' 
ciprocating one is irregular, in the same proportion and for the 
same reasons already explained with reference to the crank 
and piston movement. In Fig. 8 is represented a crank and 
an eccentdc, both being shown in position to commence the 
first quarter revolution, and it will be noted that while the 
angularity of the connecting rod will cause the piston to 
move, during the quarter crank revolution, at its quickest 




speed, the position of the eccentric is such that it will cause 
the angularity of the eccentric rod to diminish the valve 
travel during the greater part of the eccentric quarter revolu- 
tion, for while the crank travels from ^ to S, in Fig. 8, the 
throw line of the eccentric will move from S to F. During 
this quarter revolution the valve is acting to open the steam^ 
port (for the piston stroke tmder consideration) and hence the 
angularity of the eccentric rod is producing an effect the re- 
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verse of that due to the increase of valve travel, or in other 
words, the increase in the speed of the valve travel due to the 
increase of eccentric throw (necessitated by the use of the lap 
on the valve) is being modified by reason of the angularity 
of the eccentric rod. 

During the second quarter crank revolution the angularity 
of the connecting rod will cause the piston to travel slower 
than during the first, while the angularity of eccentric rod 
will act to increase the valve travel during the greater part, 
and slightly diminish during the latter part, of the quarter re- 
volution. 

Turning now to the return piston stroke (the crank starting 
from the point C) the angularity of the connecting rod will 
act to retard the piston movement during the first quarter re- 
volution, while that of the eccentric rod will act (mainly) to 
increase the valve travel (but to diminish it towards the last). 
While during the last quarter-crank movement the accelera- 
tion of piston speed will be accompanied by an (in the main) 
accelerated valve travel. 

The most salient points to be here considered are that, when 
the piston is traveling fast and hence requires the greatest sup- 
ply of steam, the opening of the port is the slowest, and vice 
versa, the effect being evidenced by the variation or distance 
between the full line and the dotted diagrams, in both Figs. 
8 and 6. The object of drawing the diagrams one over the 
other, and distinguishing one of them by dotted lines, is for 
the especial purpose of making plainly visible and easily com- 
parable the valve action, during one stroke as compared to the 
other, the effect due to the angularity of the connecting rod — 
the lap of the valve— and the travel of the valve being shown 
by the shape of the whole diagram on the left-hand side as com- 
pared to that of the right-hand side, and the effect of the lead 
of the eccentric being denoted by the variation between the 
shape of the full line and the dotted diagram. 
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In making a comparison, however, it must be remembered 
that the middle of the diagram is at the 12} division on the 
upper or steam side, and m division at the lower or exhaust 
side of the diagram, those points representing, respectively, 
the points at which the crank stands at a right angle to the 
connecting rod, or in other words, at half-throw. 

It will bo noted from the full line diagram in Fig. 6, that 
the port there represented never opened quite full as a 
steam port, and this always occurs when the valve is given 
, lap, the deficiency increasing with the lap. It must also be re- 
membered that during the opening of this port as a steam- 
port the piston speed is accelerated from the angularity of the 
connecting rod. To obviate this irregularity, the valve isoflen 
given more travel by increasing the throw of the eccentric ; 
hence, examples with such increase will in due time be given. 

It will also be seen, on referring to Fig. 6, that the expan- 
sion began at the 19} inch of piston movement and ended at 
the 22} inch in one case, while in the other stroke it began at 
the 18th inch and ended at 22^ inch, and hence, that the 
steam was used expansively during three inches of one 
stroke and four and a quarter of the other. The exhaust also 
was unequal, taking place half an inch earlier for one stroke 
than for the other, and this distorted action always attends the 
employment of steam lap and increases in proportion to or 
with the lap, as will be shown in future examples of valve 
movements. 

In further reviewing the port opening in relation to the 
piston travel, it must be borne in mind, that it is during the 
travel of the piston fh>m the dead-center to about the third 
of its stroke, that a free port-opening is of the most import- 
ance, and more especially during the earlier part of the 
stroke, because it is then that the ports are opening, respec- 
tively, as a steam and an exhaust-port. It is for this reason 
that the lead of the valve is usually made equal for each 
stroke, irrespective of unequal points of exhaust. 
3 
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On referring to Fig. 6, it will be seen that, while the por(% 
.opened quickly, their closure occurred slowly, the desira. 
bility of this action being self-evident, when we remember 
that after the piston has trayeled, say, half its stroke under 
the full steam chest pressure, it would take considerable port- 
closure to materially affect the pressure in the v^ylinder be- 
tween that point and the point of cut off, while on the otb'^i 
hand the exhaust port having opened quickly, and remaine<2 
full open during two-thirds of the stroke, the greater pa»t of 
the steam has escai>ed, and it would require coiL<«iderable port- 
elosure to effect any back pressure. 



LAP ON THE EXHAUST BIDE OF TOE VALVE. 

When Bteam lap is empIofMl to cnt off tbe steam sapplj to 
the [riatoa earlj' in the stroke it opens the exhaust port earlier 
than Is denrable, and to r«med7 this derect vhat is termed 
exhaust lap is somc^mes added to lUe valve. The term ex- 
bauat lap meaos the amount ta which the ezhaust edges or 
the valve covers the exhaust edge of the cylinder steam port 
when in the middle of its ttuvel. Thus, in Fig. 0, the (Ua- 



tance bom j1 to fan the one ride, and fkim C to i? on the 
other side, is the exhaust lap. It is meaBured on one side oalj, 
so that from Ato B and fh>m 0\o D, measuring respectively 
J-iuch, the valve would be said to have J-inch of exhaust lap. 



The eSect of ezhauBt lap U to enclose In the end of the 

cylinder a portion of the eihaust Bteam, thuB compresaing it 
and csnsiitg it to fill the clearance (that ia the distance or epace 
between the piston, when it is at the end of the stroke, 
and the cylinder cover) and the Bteam paBsage, at a pressnre 
ptoportionate to the quantity of ateam so enclosed, or, in other 
words, to the point of compression. The manner in which the 
exhaust lap performs this duty is by cIoBing the ezhaost-port 
before the piston has reached the end of the stroke. Thus, in 
Fig. 10, the yalve ta Bliown in the poution in vliich It com- 



mencee this operation, and since the valTO and piston an 
traveling in the direction denoted by the respective arrowa, it 
follows that whatever steam remains ia the steam passage. A, 
and in that end of the cylinder will be compressed by the ad- 
vancing piston. This effect ia aometimea teitned the compres- 
sion, and at others the cushion, one of its results being to 
cushion the piston ; and in this respect, as well as in that of fill 
ing the clearance and the steam passage with steam at a prea- 
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Bnre by »he time the piston baa arrived at the end of ths 
stroke, it serrcB the eame purpose as the valve lead, and that 
williont drawing any Bteam from the stenm ctaest. 

A nother effect of eihaost lap is to retain the live steam longer 
in the cyllDder, or. In otherwords, to prolong the point of re- 
lease. To ofi&et these advantages, however, we liave the serious 
disadvantage that it acts to diminish the exhaust area, and in 
view of tills &ct it becomes absolutely necessaiy, when ez- 
haUst lap is employed, to vary some other of the valve ele- 
ments, in order to keep the exhaust free. In some cases the 
wid h of the cylinder exhaust-port is increased, in others the 
ytlYO is given extreme travel as well The intioduciion of 
these new elements creates bo many conuderjtions that it ren- 
ders it much more difflcnit to calculate clearly the resclts, and 
renders the calculations much more liable to error. Iv is for 
these reasons that so mnch difference is found In actual 
practice, with reference to the employment of exhaust lap 

In Fig. 11 is shown ttie valve fiom which the diagram in 



Fig. 6 WEetalcen, 'there having been (in Fig. 11) S-16thB ofex- 
hauBt lap added to it, and in Fig. 13 is showo a diagram of 
the vaWe movement under this new coodition. From this 
diagram it will be obeerred that the exhaust is cramped early 
in the stroke, and (referring to the toll line diagram) bj add- 
ing up the total lengths of the vertical lines on the steam and 



ezhauBt udes re»p«etitalf/, and then dividing their sum of the 
number of TCrtical lines (which will give us the average port 
openings) we shall find but a very little difference between the 
effective area of the port actingas a steam port and as an exhaust 
port, whereas the opening requires to he much greater for the 
exhaust than for the live steam, because, as the pressore of 
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steam on the exhaust side is reduced, the exit of the steam 
remaining in the cylinder takes place slower, and hence, unless 
the piston movement is a very slow one, the exhaust lap will 
induce a hack pressure on the exhaust side of the piston, 
which will &r more than outweigh any advantage gained hy 
the compression. 

The partial exhaust closure, which is shown in Fig. 12 to 
to have taken place early in the exhaust, is due to the width at 
A, in Fig. 11, hetween the edge of the hridge and the exhars*; 
edge of the valve, becoming narrowed by reason of the ex- 
haust lap. 

If the valve were given an increase of travel, the exhaust 
area would be still further diminished unless the cylinder ex- 
haust-port were widened, in which event we have the cushion 
as the advantage, and a larger valve with increased travel as 
the cost. 

In a large proportion of American, and in almost all Eng- 
lish practice, exhaust lap is not employed, except it be fix>m 
l-32d to l-16th-inch, or just sufficient to isolate the two steam 
ports from the valve exhaust port when the valve is in mid 
position. 



CLEARANCE. 
Id Fig. IS ia shown a valve having what is termed clear- 
ance, which tneana the amount of opening between the edge 
of tbe cj'linder port and the edge of valve eshaust-port when 
the valve is in the middle of Its stroke, In which position it 
follows that there is open communication between both ends 
of the cylinder and the exhaust. The object Bought by the 
employment of clearance is to fVec the exhaust, and its ose 
is therefore mainly restricted to valves having hut little steam 
lap, or having excessive travel, and upon fast running en- 
Were we to give clearance to a valve having no eteam lapi 
the result would be that when it opened to admit steam, the 
latter would pass clear through the same port to the valve 
exhaust-port, until such time as the valve had opened on the 
steam side, to an amount equal to that of the clearance on the 
valve, and it follows, therefore, that the clearance must always 
be less than the steam lap. 
In Fig. HisshowD the action of a valve having }-'ncb steam 



lap and 846th inch of cleaiance. The movemeDt to shown 
for on« stroke only, so as to keep the lines clear of one another. 



The AiU line represents the valve action nith the clearance, and 
the dotted lines show how the ezhaost would take place if the 
valve had no clearance. The valve, it will he noted, begins 
Xq opea j-inch earlier and is opened full an inch earlier, re- 
maining so during 2i inches more of piston stroke, than it 
woold without the clearance. It also takes awa^ the com- 
pression. 

If this valve was used upon an en^'.e nmnlug very slowly, 
it is a fine point as to whether the clearance would in this 
case, be desirable or not, but if the engine ran at an ordiniry 



3d 

speed there can be no question but that the clearance would 
be highly beneficial. 

It is evident that to give clearance to the yalve whose 
movement is shown in Fig. 5, would be useless because the 
exhaust Is in that case open }-inch by the time the piston 
arrives at the end of the stroke— is full open when the piston 
has traveled l-16th inch of the return stroke and remains open 
during 22 inches of the exhaust stroke ; and the only effect of 
adding clearance would be to open the steam-port earlier as an 
exhaust-port, and thus permit the steam to escape too soon. 



VALVE TRAVEL. 

"We have in all our previous examples given to the valve a 
travel equal to twice the width of steam-port added to twice 
the amount of steam lap, which accords more with English 
than with American practice, and we may, therefore, proceed 
to examine the effect of an increase of valve travel (which 
is common in American practice), first applying it to the valve 
shown in Fig. 6, whose elements we will leave the same as 
before, save that the travel is increased from 3^ inches to 4 
inches, and in Fig. 15 is shown the action of the valve under 
this new condition. 

The effect of the alteration has been that whereas the ports, 
acting as steam ports, obtained their maximimi opening at the 
seventh inch for one, and at the fifth inch for the other 
piston movement, they were opened under the increased 
travel at the 2d and 2 J respective inches of piston movement. 
On the exhaust side, however, a partial reclosure of the valve 
has taken place early in the stroke, while the c^hion has 
been reduced J inch for one stroke, and increased f inch for 
the other. 

The average exhaust opening has been reduced in conse- 
quence of the partial reclosure of the port, the area of ex- 



tuttut opening becoming but very little greater tbaa tluit for 
the lire eteam, and this, upon the general principle that the 
port opening for the exhanst requires to be considerabl7 
greater, and that in the rulea ror obtaining the required port 
area this fiict is recognized, does not appear to be any adTan- 
tage, since we have filched team the exhaust to add to the 
steam-port opening. Our alteration of Talre travel has, 
fhrthermore, reduced the expansion for one stroke, so ttiat in- 
stead of lasting during 8 inches, it lasts during 3f inches of 
piston movement, 'while for the other stroke the altoratlon has 
been to decrease the amount of expansion from occurring 
dtiring 4^ inches to 3^ inches of piston movement. 
The release, as the point at which the exhaust begins is 
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teimed, has, under the increased travel, token place about J 
inch later for one stroke, and i innh. later for the other stroke, 
and this under ordlnaij circumslanccfl would be of decided 
advantage, but in view, in this cose, of the diminished area of 
exhaust openius, it becomes of but little if any advantage. 



Lk order to understand clearly the reason why the ii 
of ^alve travel has made so much difference to the valve 
mot emei^t, it becomes necessary to examine into the alteration, 
which lias been made in the position of the eccentric. Sup- 
pose then, tliat in Fig. 10, A represents the throw line of the 
eccentric, and Valine at arightangle toa line drawn fW>m the 
center of the eccentric rod eye, C, to the center of the bote of the 
eccentric, then from .^ to .B will represent the lead of the ec- 
centric, and it follows that, since the distance between A and 
B increases in proportion as the points at which they are 
measured is remote from the center of theeccentric bore, there- 
fore, the longer the throw of the eccentric the more is its lead' 
notwithstanding that the throw line of the eccentric remains at 
the same number of degrees of angle to the line, B, so that by 
increasing the throw of the eccentric, we have rendered it 
necessary to take off some of its angular advance or lead, as 
denoted in Fig. 16, in which the dotted line, D, represents tho 
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position of the throw line of the eccentric when adjusted 
lo suit the increase of travel. If now we hear in mind that 
the throw lines are shown in the position they would stand in 
when the piston was at the end of the stroke, we shall per- 
ceive as follows : — 

It is self-evident that when the throw line of the eccentric 
stands in the position of the right angle Ime B in Fig. 16, the 
eccentric will impart a quicker motion to the valve than it 
will at any subsequent part of its next half revolution in the 
direction of the arrow, and it follows that when the piston is 
at the end of the stroke, and the steam-port is open to the 
amount of the lead, the nearer the throw line of the eccentric 
stands to the right angle line, B, the quicker will be the 
movement of the valve while opening the steam-port. 

On referring to the dotted circle and line, E, in Fig. 16, 
which represent the position of the eccentric when the piston 
is at the other end of the stroke, it will be apparent that the 
same remarks hold good, hence, as we increase the valve 
travel, or, what is the same thing, the throw of the eccentric, 
we must decrease the amount of eccentric lead in order to 
have the same amount of valve lead, and this alteration causes 
the opening of the ports to take place more quickly. 

In order to remove the partial exhaust closure, shown in 
Fig. 15 to have occurred during the early part of the exhaust, 
we may adopt either of the following methods : — 

The closure occurred from a contraction of the width at A, 
in Fig. 11. The amount of the closure, we find by measuring 
it in Fig. 15, was 9-82d inch, by nj^rrowing the bridges to 
that amount, and thus making the cylinder exhaust-port 
9-16th wider the partial closure would be removed. This, 
however, would leave the bridges 15-32d inch wide only, 
and would reduce their capability to resist the abrasion due to 
the friction of the valve fece. Were this alteration made, 
4 
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however, the amount of contact between the yaWe tg^ce when 
the valve was at the end of its travel and the &ce of the bridge, 
would be i inch in width, which is sufficient to form a steam- 
tight Joint. 

Another plan would be to make each bridge 9-82d inch 
wider ; in this case, however, a new valve made 9-16th inch 
wider in its exhaust-port would be required. This plan in- 
creases the wearing qualifications of the bridges. 

A third method would be to leave the bridges the original 
width (} inch) and to make the cylinder exhaust-port 9-16th 
inch wider, and to make the valve exhaust-port wider to the 
same amount 

It is obvious that the plan first mentioned would be applic- 
able tor altering existing ports, so as to save getting a new 
valve. 



87 



POINT OF CUT-OPP. 



If the elements of a slide yalye motion be designed to cat 
off the steam supply to the piston at a point earlier In the 
stroke than when the piston has travelled about three-qnarters 
of its stroke, the action of the valve will be very irregular for 
one piston stroke as compared to the other, and for this reason 
the slide valve is not employed upon engines requiring to have 
the steam supply cut off earlier than at most two-thirds of the 
stroke, unless, indeed, the engine have a link motion which 
serves to dimihish the valve travel and thus make the point 
of cut-off earlier. 

In Fig. 17 there is illustrated the action of a valve having 
the following elements : — ^Width of steam ports, 1 in. ; width 
of bridges, } in. ; width of cylinder exhaust port, 2 in. ; steam 
lap, 1^ in. ; exhaust lap, l-64th in. ; travel, 4^ in. ; lead of 
valve, ^ in. ; piston stroke, 26 in. ; length of connecting rod, 
72 in. 

It will be noted that, whereas in all our previous examples 
the width of the bridges has been } inch, it is now made an 
inch. This has been done so that (the cylinder exhaust-port 
being twice the width of the steam-port, and the valve travel 
equal to twice the width of steam-port added to twice tha 
amount of the lap) the valve shall move so as to open the ports 



[tall as eteam-ports, which would not be the case 'with nar- 
rower bridges. 

In Fig. 17 is repreBenled the action of the above valre, and 
the drst thing to attract oar attentlaa is that the exhaust has 
taken place when the piston had arrived at Slf inchea for one 
stroke apd at 32^ for Uie other, thus giving very early points 
of release. 

The expansion commenced for one stroke at the 17} inch of 
piston stroke and lasted during 4^ inchea of the stroke, and 
for the other, at the 15} inch, and lasted during S| inches of 
the stroke, or, In other words, the point of cut-off occurred at 
nearly two-thirds of one stroke, tuid at nearly three-qnartctB 
of the other stroke. 
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Comparing the area of port opening of the exhaust with 
that of the steam, we find, referring to the stroke represented 
by the full lines, that the area of that port as an exhaust was 
a trifle greater than it was as a steam-port, whereas on thfi 
other stroke, as shown by the dotted lines, the area of the port 
opening was considerably greater than it was acting as a 
steam-port. The cushion also occurs during more than an 
inch more of one stroke than of the other. 

The travel of the valve we find has been just sufficient to 
open the steam-ports full, and any greater travel would pro- 
portionately diminish the exhaust area by increasing the partial 
closure at the cylinder exhaust-port shown in Fig. 17, 
on the full line diagram, to have taken place from nearly the 
first to the ninth inch of piston movement. 

To prolong the points of release the valve would require the 
addition of exhaust lap. Such addition, however, would di- 
minish the exhaust area and thus prove undesirable. It would 
also increase the cushion. Any clearance given to the valve 
exhaust-port would act to make the points of release earlier, 
whereas they occurred too early as it is. 

It is only left then to accommodate an increase of valve 
travel by increasing either the width of the bridges or the width 
of the cylinder exhaust-port, and since the adoption of either 
plan necessitates to an equal extent the widening of the valve, 
it matters little which plan is taken. The objection to enlarg- 
ing the valve is that its friction to its seat, and hence the 
power necessary to operate it is increased. It follows that by 
variations in the travel, width of bridges, width of cylinder 
exhaust-port, lap on steam and exhaust side, and clearance on 
the valve, an almost endless variety of valve movements may 
be designed, and are, in fiict, found in practice; but while it is 
quite praticable to the engineering student to ascertain by 
calculation the action of any given value and ports, yet dry 
4» 
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figures do not impress the memory, especially when eacl^ 
individual movement possesses so many points to be remem- 
bered. By calling in the aid of the eye and showing the 
whole of the valve action in a diagram, the results of any 
given combination of elements are so much more easily 
grasped and retained that it becomes desirable to illustrate the 
action of the valves on various existing engines by the same 
kind of diagram as we have used in explaining the functions 
of the various valve elements. . 



THE ROCK-SHAFT. 

If the eccentric rod connects to a rock-shaft, as shown in 
Pig. 18, the position of the eccentric requires to be altered, 
because the rock-shaft reverses the motion of the valve with 
relation to that of the eccentric; and furthermore, the latter 
will require a less amount of angular advance or lead, to 
maintain the same amount of valve lead, as we shall presently 
perceive. By introducing the rock-shaft we also reduce the 
length of the eccentric rod. 

In Fig. 19 are shown diagrams of a vaive movement having 
the same elements as those shown in Fig. 6, save that in this 
case a rock-shaft having arms 5^ inches long is introduced; 
the eccentric rod being shortened from 4 feet 10 inches (the 
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lengtli daring our preTtoos experimenU) to 3 feet 6 inches 
long. 

Here it will be otiseiTed thnt. whereas in all oar former 
diagranu the full line figure (representing the stroke during 
which, the piston travels towards the crank) has shown the 
porta for tmth the steam and exhaust to open the slowest, 
the introduction of the rock-shafl has caused ttiem to open 
Hie quickest during that piston stroke, and since the piston is 
trorelling the fastest during the first half of this stroke, the 
Meam port opening becomes more proportionate to the piston 



Oar diagram <Fig. 19) shows the ports acting as 
ports, to have opened three inches earlier for one, and o 



{of ptaton moTetnent) earlier for the other plstan mbrement 
tban was the case in Pig. 0, and the reason is us follows : — 

Suppose tbat in Fig. SO, A represents the center of a crank- 
•baft, and that the circle S represents the path of the center 
of Ibe eccentric. Suppose also the engine to have no rock- 
shaft, tlie crank-pla being at 8, the direction of rotation being 
OS denoted bj tha arrow. If, then, tbe eccentric bo given an 
angular advance of 80°, its throw-line will stand at E. 

Now suppose tbat P represents the steam edge of one steam 
port and R represents the steam edge of Ibe other steam port, 
iMttta tMSing equidistant from the centre S of tbe ports, tlten 
the amount of valve lead due to (he eccentric advance from 
O to S (30°) will be'the distance between O and B (the 
lenglli of the eccentric rod being from A to H, which meaa- 
nres the same as line K or the line from S to Q), 
Fig. 30. 



Now suppose tbe engine to have a rocksbafl, and the eccpD- 
tric (moved to its required position) be given tlie same SO'^ of 
angular advance, as at J, then the amount of valve lead dne 
to this angular advance is the distance ttam Pto L, which Is 
greater tlian that from Q Ut R. Hence it follows that with y 
given amount of eccentric angular advance tbe amount of port 
lead wilt be greaterin an engine having a rocksbnft, or what Is 
the same thing. For a given amomit of valve lead less angular 
advance is required for the eccentric In the one position tlian 
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would be required were it in the otUer. Now the nearer the 
throw line of the eccentric stands to a line at a right angle to 
the crank, the fsLBter the valve movement while the crank is 
at and near the dead centers, and hence the more rapid port 
openings. 

By turning the eccentric upon the shaft we have reversed 
the eflfect of the irregularity of valve travel (due to the angu- 
larity of the eccentric rod) so that when the angularity of 
the connecting rod is (starting from a dead center) accelerat- 
ing the piston movement, the angularity of the eccentric rod 
is also accelerating the valve movement. When, however, 
the piston starts from the end of the cylinder nearest to the 
crank, and the angularity of the connecting rod is retarding 
the piston movement, the angularity of the eccentric rod will 
be acting to accelerate the valve movement, and hence is is 
that in Fig. 19 the full line diagram assumes the chracteristics 
of the dotted ones in former examples, by opening both the 
earliest and the fullest 
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EXAMPLES OP VALVE MOVEMENTS, TAKEN PROM 
THE MOST RECENT LOCOMOTIVE PRACTICE, 

The following examples show the action of the yarions 
valves -when under full travel, and, therefore, irrespective^of 
the action of the link motions when employed to reduce the 
valve travel so as to use the steam more expansively. 

Fig. 21 represents the action of a valve having the same 
elements as those upon an ordinary 16x24 inch cylinder 
American passenger locomotive, the elements being as fol- 
lows: Length of steam-ports, 15 in. ; width of steam-ports, 
IJ in. ; width of bridges, 1 in. ; width of cylinder exhaust 
port; 2^ in. ; outside (or steam) lap, J in. ; inside (or exhaust) 
lap l-32d in. ; travel of valve 5} in. 

The full line diagram represents the stroke when the piston 
is traveling away from the crank, the engine running for- 
ward. 

In Pig. 22 is shown similar diagrams of an English engine, 
the design of James Cud worth, the ports, bridges, etc., being 
of the same dimensions as the above, the only point of differ 
encc being that the Cudworth engine has ^ inch of steam-lap, 
and the valve travel is 4^ inches only. 

The most prominent difference between these respective 
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diagrams are as follows : The English engine used the steam 
expansively during IJ inch more of one, and If inch of 
the other piston stroke, and has a much more free exhaust 
Its point of release, however, took place an inch earlier in 
one, and ll'16th inch earlier in the other stroke, per contra. 
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however, it cushioned on the exhaust f inch more for one 
stroke, and an inch more for the other stroke. In prolonging 
the point of release the Baldwin engine possesses an advan- 
tage that is of vastly more consequence than is the earlier ex- 
haust cushion, and the main other consideration is the exhaust 
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area Let us take the other two full line diagrams and compare 
them by adding the length of the lines and dividing the sum 
by the number of lines, which will give us the average 
respective port openings, and wc shall find as follows : Aver- 
age width of steam-port opening of the Baldwin engine, from 
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the beginning of the stroke to the point of cut-off, 1.07 inch. 
Average exhaust opening of the Baldwin engine from the 
opening to the closure of exhaust 15-16th inch. 

Average width of steam-port opening of English engine 
from the beginning of stroke to the point of cut-off, 9-lOth 
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inch. -Average exhaust opening of English engine firoin be- 
ginning of exhaust to closure of same 1.13 incli. 

It must also be observed that the loss of exliaust area in the 
American engine commences from the2| inch of the exhaust 
Stroke and continues to the 16^ incli, and tliat, although in the 
English engine the port acting as a steam port commenced 
its closure 6 inches earlier and continued it during over B 
inches more of the stroke, this is of little import, since the 
port being full open until the piston had traveled 9 J inches oi 
the stroke, and the port area being proportioned, as is gener* 
ally presumed to be the case in view of its acting alternately 
as a steam and exhaust, and, therefore, larger than it would 
be required if it acted as a steam-port, only a slight variation 
in the reclosure is but of little moment, and the same remarks 
-ykill apply to the slight difference in the opening of the port 
as a steam-port. Thus we then have, when the valve is 
given full stroke, (that is to say independently of cutting off 
earlier in the stroke by the employment the link motion) the 
broad issue of the advantage of prolonging the point of re- 
lease an inch at the cost of reducing the exhaust area as above 
noted, this issue being involved in the increase in the valve 
travel 

[ In Fig. 23 we have a diagram of the port openings of an^ 
engine built for the Midland (English) Railroad, the dimen- 
sions being as follows : 

Steam-ports 1 J inches by 15 inches ; cylinder exhaust port 
8^ inches ; bridge between ports 1 inch ; steam lap 1 inch ; 
exhaust lap ; travel of valve 4^ inches ; lead i inch ; nze 
of cylinder 17X24 inches ; Jength of connecting Tod 5 feet 
11 inches. In consequence of the shortness of the valve travel 
we find here that the ports do not open to their fhll' width as 
steam ports, and as a result, while the average steam port 
opening is } inch, the average exhaust port opening is 1^ 
6 



inches. The point of release 1b at the 22d for one and the 
28d inch for the olher stroke ; while to parti;' ofisct thU 
early release, the cnshlon amonnta to about 1^ inches for 
one and two inches for the other stroke. Another result of 
the small valve tisvel )s that the expansion takes place during 
4^ inches of one and i inches of the other stroke, which is 
during a large portion of the stroke when compared tovalvefi 
having a maximim of tiavel. The admission of the Steam is 
ileutical for the two strokes during the first five inches of the 



piston moremeut. A peculiar feature of thb valve is t&a 
width or the cvliader exliaust port, which might he narroved 
one inch wlthoDt afTcctiug the diagram in the slightest par- 
ticular ; the size of the valve might then be reduced an inch, 
with a corresponding dimiuution in the power required to 
operate it. In the design of this valve freedom of exhaust has 
evidently been the main consideration. 

In Fig. 24. we have a diagram' of the port openings of a 
Rogers Locomotive Works (of Paterson, N. J.) 16X34 engine, 
the dimeusious being as follows : 

Steam-ports l^XI^ inches ; cjlinder exhaust port 2^ in* 
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«hct ; bridge betveen cylinder ports 1 i tnchei ; ootside lap 
i inch ; inside lap i inch ; Iravel of Tolve 5 Inches ; lead of 
TBlve I inches ; length or rock shad arm 9 Inches ; l^igth 
of conaocting rod 6 feet W^ inches, 

A notable feature in this diagmm la the large eihatut area, 
notwithstanding the over trarel of the valve, and also of there 
being J inch of inside lap, and this la due to the extra width 
of the bridges between the cylinder porta. The average >1eam- 
port effec^Te area is 1.01 inches, while the average effective 
area of exhaust port is 1.07 inches, the latter being greater 
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than that shown in Fig. 21, notwithstanding that the ports 
are ^ inch narrower (the outside lap being the same in both 
cases). 

In Fig. 25 are shown the port openings of a 16X24 inch 
cylinder, the design of the Grant Locomotive Works (of 
Paterson, K. J.) the dimensions being as follows : 

Steam-ports 1^X14 inches ; cylinder exhaust port 2J inches ; 
bridge between ports 1 inch ; outside lap J inch ; inside 
inch; travel of valve 5 inches; leadof valve ^ inch; length 
of rocker arm lOJ inches ; length of connecting rod 7 feet 1 
inch. 

In this diagram the points of admission, release and cushion 
are unusually regular for one stroke as compared to the other. 
It will be seen that in all those valves having increase travel, 
the steam is used less expansively, but the point of cut off and 
release are very even, whereas in those valves having lesser 
travel the expansion is more variable, the points of release 
more variable, and the cushion greater. 

In Fig. 26 is shown the port opening^ of an engine, the 
proportions of whose valve details represent the average for 
American freight locomotives, the elements being as fol- 
lows : 

Steam ports 1^x14 inches ; width of bridge between ports 
1 inch ; outside lap J inch ; inside lap | inch ; lead ^ inch ; 
valve travel 5 inches ; length of connecting rod 7 feet ; length 
of rocker arm 10 inches. 

The average steam-port opening is here shown to be 1.09 
. inches, and the average exhaust opening is ^^ inch. The 
reclosure of the exhaust port commences it will be observed, 
when the piston has moved but 1^ inch ot the stroke, and 
while acting as a steam-port, the ports remained open during 
some 13 inches of the piston stroke ; when acting as exhaust 
ports they remained open during about 2^ inches of piston 
stroke. 

5* 



In Fig. 37 1b a diBgrani oftheportopeDingBorarepresenta- 
tive of the engines UBed npon the Susquehanna division of the 
Eric R. R., the proportions being as follows : 

Size of cylinders 18x34 inches ; width of steam poHs-1 
'inch ; length of steam ports 16 inches ; width of cylinder ex- 
haust port 3^ Inches ; width of bridge between ports 1 g incii ; 
outside lapJI inch] inside lap -^ineh; travel of valve Sincbee; 



lead of TBlfe ^ Inch ; length of connecting rod 7 foot 2 

' In these proportions the exlreiue length sh compsrcd to the 
width of the steam-ports SJid Ibe increBBed width of the bridge 
are notable features. The avenge opening of the steam-port 
is ^ iudi and that of the exbaui>t port is 1.05 inch. 



.We mar now institute a comparison oftbe actual admission 
and exhaust area of the ports wliose openings are Illustrated 
ia the Tariuus diagrams, for it will be noted that the average 
amount of openings so far given have referred to the width of 
opening irrespective of the lengths of the ports. 
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First, however, i( may be pointed out that the element of 
time is an important consideration, for a given area of steam 
port which would be ample under a slow speed may be al- 
together inadequate under a much increased speed of engine. 
Indeed it is obvious that with sufficient time a comparatively 
very small port area will give ample admission and exhaust. 
As a practical illustration of this fact, we have the circum- 
stance that a great many locomotives will run faster with the 
links hoolLed up to shorten the valve travel, than with the 
valve under full travel. The reason of this is that with the 
valve in full travel the steam follows the piston during a 
greater portion of the strol^e, and hence there is more steam 
to exhaust during the exhaust stroke, and there is not time, 
in such case, for the exhaust to be sufficiently free to avoid 
back pressure. That back pressure must in such cases exist 
is proven by the following considerations. The amount of the 
engine lead being a given quantity, it is obvious that with a 
free exhaust the further the live steam follows the piston the 
&ster the engine should run, or to use other terms, if, with 
the live steam following the piston (say) two inches more of 
the stroke in one case than in another, and the engine speed 
is the same in both cases (the amount of the load remaining 
constant,) where are we to look for the duty due to the in- 
creased consumption of steam in the cylinder during those 
two inches of stroke, and for the increased pressure (due to 
the same two inches of live steam,) which exists during that 
part of the stroke in which the steam was working expansive- 
ly? The amount of power represented by that steam has been 
lost to the boiler and cannot be found in the duty except it be 
that the exhaust pressure is counted as duty. Possibly in 
many cases it may not be altogether lost for the following 
reasons : 

If the exhaust is cramped there may be left in the cylinder 
a large portion of the exhaust steam, which is compressed 
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and used with the live steam during the next stroke; suppos- 
ing this then to be the case, we have an engine hirge enough 
in all its parts to do a certain amount of dut^, but from a 
contraction of exhaust area the engine can never be employed 
to perform that amount of duty save at being started. This 
exception indeed deserves particular attenticm as applied to 
locomotives, the reasoning being as follows : 

In starting, the speed being slow, there is time, with the 
valve in full travel, for the steam to exliaust without undue 
loss from back pressure, and when the train is under head- 
ifray the travel of the valve may be reduced by hooking up the 
link. Again, when ascending a grade sufficiently steep to 
reduce the engine speed, the valve may be given full travel. 
Thus full travel may only be used when the speed of the en 
gine being reduced there is given time for the steam to find a 
practically free exit The considerations then resolve them- 
selves into this. Is it more desirable that the full power of 
Bin engine shall be capable of being exerted at starting, and 
under heavy duty due to steep grades, or during the average 
duty during the entire trip? and furthermore, what are the 
objections to giving to the cylinder an exhaust practically 
free at the greatest speed the engine may be called upon to 
run? If there are many steep grades and frequent stoppages, 
the first proposition will readily commend itself, unless the 
latter proves unattainable by reason of involving other and 
equivalent disadvantages. If, however, we carefUlly investi- 
gate the diagrams we shall scarcely find such to be the case, 
in many of them at least, for those diagrams in which no re- 
closure of the exhaust port has been shown to take place, 
and in which therefore the effective area of the ports, acting 
as exhaust ports, exceeds their effective areas when acting as 
steam-ports, will bear favorable comparison with those in 
which such is not the case. It is worthy of note also, that 
the reclosure of the exhaust port usually occurs fh)m over 
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yalve travel or from exhaust lap ; when ever travel is lii5 
cause the steam is used less expansively in the cylinder and 
at the same time the cushioning is less; on the other hand, how- 
ever, the points of admission and cut off are more nearly 
equal in the two strokes. When exhaust lap is the cause, 
the expansion anti the cushion are increased at the expense 
of the exhaust. 

Here however another consideration as applied to locomo- 
tives claims attention, inasmuch as if we consider the train 
speed, the size of the driving wheels makes a difference. 
Suppose for instance that an engine is traveling at 20 miles 
an hour, the driving wheels being 4 feet 6 inches in diameter, 
a greater number of piston strokes will be made in a given 
time than would be the case if the engine ran at the same 
speed, and the wheels were 5 feet 6 inches in diameter; hence» 
with the valve and port elements of the same proportions in 
both engines, the exhaust would, in the latter case, be more 
free, because it would have more time in which to take place. 
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THE RESULTS OF THE FOREGOING EXAMPLES 

COMPARED. 

The great difference in the action of a yalve shown (by 
onr diagrams of examples) to accompany apparently slight 
differences in the elements composing the valve mechanism, 
and the numerous ways in which variations may be made, 
render it difficult to compare the value of one valve move- 
ment with that of another, or with others, as the case 
may be. Hence it becomes necessary to so present a sum- 
mary of the data given by the diagrams, that the results of 
all the examples in any particular of their operation may 
be read without referring to the diagrams. This we may 
best accomplish by means of a series of tables, the result 
obtained from each table being given in its last column, 
hence to proceed. Let the first column in table number 1 re- 
present the number of the diagram referred to ; the second 
column the size of the steam-ports ; the third the size of the 
cylinder, and the fourth the distance the live steam followed 
the piston, or point of cut off, and the fifth the cubical con- 
tents of the space in the cylinder which requires to be fiLed 
with live steam at each stroke. 
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Table 1. 

?lg. SlxeofPorU. Sixeofcjl. Point of cut off. ^u^^l'^ltf 

luch-.. inch-. Inches. ^AtltiT. 

21 1^x15 16x24 22 *2-56 

22 lXxl5 16x24 19}i 2*26 

23 lXxl5 16x24 18>i 215 

24 lAxl5 16x24 22 2-56 

25 lXxl4 16x24 22 2*56 

26 lXxl4 16x24 22 2*56 

27 1 xl6 18x24 22 3*26 
We may now compose another table as follows : The first 

column shall refer to the number of the diagram as before ; 
the second shall contain the average width of steam-port 
opening (as shown by the respective diagrams) ; the third 
shall contain the effective area of the steam-port (obtained'by 
•multiplying the average width of steam-port opening by the 
length of the port) ; the fourth shall contain^ the volume of 
live steam required per piston stroke, and the fifth shall pre- 
sent the proportion of the port area to the live steam volume.' 
Thus we shall have the space requiring to be filled at each 
stroke with live steam, and the effective area each port affords 
through which to fill it, while the last column will afford 
means of comparing the values of the ports relative to the 

duty. 

Table 2. 

ATer»f« width rf EffectlTettMm- Volume of live J2rtm^««l 

Tig, ■tcAin-port oi>«niitg. port axon. steam. S^f* «# »?-I 

Inchen. 8qaar« incbes. Cubic feet, '^,*t,J„ ^* 

21 107 tl605 -f- 2-56 = 6 270 

22 -9 13*50 H- 2-26 = 6-978 

23 -75 1125 -t- 2 15 = 5 232 

24 101 15-15 -f- 2-56 = 5 918 

125 1-01 14-14 -*- 2-56 = 5-523 

126 109 15-26 -t- 2-56 = 6*960 
17 105 16-80 -+- 8.26 — 6 153 



*Thie column i« obtained hj malttpljrlng the areft of the cylinder \>j 
the point of cat off, the qneetion of cleanno« being omitted for eimpllflcA- 
tion. 

tThls colnmn !■ the prodnct of the tecond column in this table nnltl* 
plUd bj the length of port giTea in the second column of oar preTione 
table. 
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Here, then, we find that the greatest proportion of steam- 
port area as compared to the yolume of steam to be admittted 
is given by the yalve whose movement is shown in Fig. 21, 
while that shown in Fig. 22 is second, and Fig. 26 stands 
third, and this notwithstanding tliat average width of port 
opening is less in numbers 21 and 22 than in number 26. 
The reason of this is that 21 and 26 have a maximum of width 
of steam-port opening, while number 22 has a shorter period 
of admission. In the English engines (Figs. 22 and 23) the 
points of cut off take place earlier, and the amount of expan- 
sion is greater, hence the effective steam port area is large as 
compared to the volume of steam to be admitted. In the 
kiext table the first column remains the same ; the second 
column represents the number of inches of the piston stroke 
during which the steam was used expansively. Tho third 
column represents the proportion of the stroke during which 
the piston was propelled by the steam (the full length of the 
stroke being represented by 48), and th'? fouith column gives 
the amount of piston movement during which the compression 
occurred.' 

Tablb 3. 
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It remains now to examine the relative volumes of steam 
contained in the respective steam passages, which we may do as 
in Table number 4, in which however the length of the steam 

6 
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passage is obtained as follows : The question of clearance be- 
tween the piston and the cylinder cover (that is the space 
between the cylinder cover and the piston when the latter is 
at the end of the stroke) is left out^ since by supposing all the 
engines to have the same amount of clearance, that item need 
not be considered. Now the length of all the piston strokes 
is 24 inches, and the half of this is 13 from this latter number 
we deduct the width of one bridge added to half the width of 
the cylinder exhaust port, and the remainder is given as the 
length of the steam passage. This assumes the distance of 
the steam chest &cc from the cylinder bore to be equal in all 
the engines, an assumption which enables us to keep our 
tables clear of complication by disregarding the trivial or ex- 
ceptional differences in this respect which may perhaps be 
fbimd in practice 

The steam contained in the passage, however, ^ves out ex- 
pansive power from the point of cut off to the point of release, 
or m other words during the term of expansion, hence it be- 
comes necessary to credit each engine with that item, which 
is done in the column under the heading of "expansive 
part" of stroke. 

Table 4. 
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From this we find that in number 31 less power is imparted 
to the piston by the live steam contained in the steam passages 
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than is the case in any other, while 28 stands first and 22 
next in order of superiority. To present the relative effective- 
ness of the ports in a more simple form we make a table as 
below, in which the second column contains the oomparatiye 
value of the port area in proportipn to the cubic feet of live 
steam to be discharged, taking the port having the greatest 
area as being 1. Then in the third column we may place 
the comparative value of the expansive force obtained from 
steam in the steam passages, the maximum (obtained by Fig. 
23) being taken as 1. 

Tabi^ 5. 
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TabTiUS 6. 
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From the result obtained in the last column of the above 
table we may compose another as follows : 
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Table 7. 

YAinme of feto%m to be 8q. iochM of ozhftiut 

dUeh rged |>er vlruko. ftre» per eable foot ol 

Cab e fact. MchMUt stoam. 

♦2-665 = 5-27 

2-365 7-10 

2-250 7-38 

2-652 605 

2-658 6-01 

2*659 4-21 

8-348 6-01 

*The ToIii«« h«r« irlreii It the qiutmtltjr of Ht* iteftm admlttod hj the 
port acting as a steam port, or,Jn otber words, the Tolnme of lire iteaiD 
admitted to th« ejUnder and iteam paeeage. 

Ticking the exhaust area of Fig. 23 (which bears the largest 
proportion to its duty) as being represented bj 1, we shall 
have the following relative exhaust port values. 

Table 8. 

Pi^ EelatlTe ralae of ezhanst 
''*- port to ite dnty. 
23 100 

22 -96 

24 -82 

25 -82 

21 72 

27 -68 

26 -57 

Here then we find a very great disproportion to exist be- 
tween the exhaust port areas and the duty, and the number of 
piston strokes, or wheel revolutions, in a given time being 
taken as equal for all, it is self-evident that the ports having 
the highest rates are imnecessarily large, and therefore waste- 
ful of steam, or else those having the lowest, being too snial^ 
in effective area, produce back pressure. 

It, however, in the case of a locomotive, the train speed 
instead of the revolutions were taken, the size of the driving 
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wheels and the speed at which the engine is designed to run 
would require to he taken into account and would alter the 
result It may he noted, however, that the committee ap- 
pointed hj the Railroad Master Mechanics' Association, in a 
recent report upon the subject of the sizes of locomotiyd 
cylinder ports, preferred to take the revolutions as we have 
done in our considerations. It may also be noted that the 
ports of Figs. 22 and 23 are English and fast running engines, 
requiring therefore larger exhaust areas; on the other hand, 
however, the sizes of their driving wheels are larger. As 
applied to stationary engines our deductions cover the whole 
ground because the revolutions represent the engine speed. 

Another and important consideration with reference to 
these exhaust areas is as follows. When the exhaust area b 
diminished in consequence of the partial reclosure of th6 
cylinder exhaust port, as shown in Figs. 21, 9^ and 26, the 
question of time assumes a new importance, inasmuch as there 
may be a considerable back pressure during the early part of 
the exhaust stroke which cannot be compensated for by any 
amount of increased exhaust freedom during the latter part 
of that stroke. An examination of the diagrams will show 
the ports acting as exhaust ports to have closed, as shown in 
the table below. 

Table 9. 

«l Baf »■ to oloM at Finally e1oi«d at 

' lnoh«8 of strok*. Inckoa of stroko. 

21 20>^ 23>i 

22 18 22)( 

23 16^ 22X 

24 20 23X 

25 20 .....23H 

26 
27 
Hence the ports shown in Figs. 21, 25 and 26 remained 
6» 
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opened longer than those sbowD in Figs. 22 and S3, but the 
latter lemained full open up to the point where the closure 
began, while the former had partly ledosed early in the 
Stroke. To estimate, therefore, the relative values of the ex- 
haust we must take this fact into consideration, which may bo 
done as follows : 

By taking the piston strokes as being equal In a given ttma 
we are enabled to form an estimata of the values of tlte re- 
Bpective porta and valve proportions in relation to their 
respective cylinders and duties ; and for this purpose wo may 
assume the wheels to be of equal diameters. Now suppose that 
a pomt on the periphery of the respective driving wheels 
moves at the rate of the 4Sth pirt of a revolution in two 
seconds ; now the exhaust takes place during one half of a 
revolation of the driving wheel, hence we miy reason as fol- 
lows: In Fig. SSlhehalfcircLerepieaentslUehalfrevolutlon 



during irhlch ths exhanst occnia, and the S4 dividons npon 
its circumference represent each the twenty fourth part of its 
half revolution. It will be apparent then that the time occu - 
pied by a point on the peripheiy of the driving wheel will be 
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one second, in which to travel ftt)m ono division to the next, 
or, what is the same thing, three seconds to travel three divi- 
sions, and as it will be easier and more explicit to take three 
seconds than one, we will divide off the half revolution into 
eight periods, each representing three seconds of time. Now 
it is apparent that while the driving wheel is traveling through 
either of these respective periods the piston will move through 
a distance equal to the distance contained in each of the 
several periods measured along the hoizontal line A, as de- 
noted by the respective figures and marks above that line. 
Now it will be noted that we have marked off the half circle 
into as many equal divisions as there are inches in the piston 
strokes, hence, while those on the half circle will represent 
^ual periods of time for the motion of the fly-wheel, those 
on the horizontal line will denote inches of piston movement 
during that time. We have only then to compare the average 
time and piston movement (which will be equal for all the 
en^nes) in each of the eight divisions with the average port 
areas shown in the diagrams for each division, and we shall 
have made a comparison of the effectiveness of the exhaust 
ports with the element of time taken into account. 

Table 10. 
♦Average Exhaust Port areas during 4*eriods. 
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*The ftbore ftTsnge are%s are obtain ^d hj maltiplyiiiff the arerag® 
lengths of the three respf^etlTe linf^s on the exhanst side ofeach diagram 
(representing the respeetire period) bjr the length of the steam-ports. 
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To carry the data contained in the above table a step &r- 
ther we might take the respective areas for each period, and 
calculate the quantity of steam that would escape throng 
during the period, and from that deduce the pressure on the 
exhaust side of the piston when the same had reached the 
part of the stroke represented by the end of each period ; thia 
however is scarcely necessary to our purpose. 

It will be instructive however to deduce from the foregoing 
tables the relative areas of the ports acting as steam and as 
exhaust ports, and this we may do in the following manner. 
In table number 11, the second column contains the volume of 
live steam requiring to pass through the port to filkthe cylinder 
(up to the point of cut off), and the steam passage* The 
third column contains the effective area of the port acting as 



a steam port, ana tne tourtn column snows the 
tive exhaust area to the effective steam area. 


ratio 01 c 


l&^C- 


TabTiK 11. 






« 


1 


1 ts 


e 








I 


a 


s_. 










H 


1 . 


xha 
ohei 


i 






Fig. 


S2^ 

Ik 
^1 


Hi 

1-8 

• o 3 

1 


IS 
II 

is 


e • 
o 








2-250 






A 






23 


11-25 


16-50 


1-47 




27 


3-348 
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16-05 
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Here tben we find that whereas the exhaust area in Fig. 
23 is .47 greater tlian the admission area in Fig. 26, it is -27 
less, Again, while the exhaust area, in Fig. 24 is '06 larger 
than the admission, in Fig. 27, it is *3l greater, and the con- 
sideration naturally arises that if in Fig. 24 the exhaust is 
sufficiently free the admission is unnecessarily large, hence 
the valve travel might be reduced sufficiently to give no more 
than, the retjmsite admission area, in which case the steam 
would be used more expansively and the exhaust area would 
be. increased while the valve would require less power 
to operate it In this connection it may be noted that a com- 
mittee of the Railroad Master Mechanics have recommended 
an addition of steam lap over that usually given, in order to 
secure more expansion; now since a reduction of valve travel 
will operate in tne same direction, as well as effecting the 
above stated advantages, it appears in every way desirable. 
Supposing, however, that, as shown in Fig. 27, a^ exhaust *37 
larger than the admission area is necessary to avoid undue 
back pressure, then the valve travels of Figs. 21, 25 and 26 
may be reduced. Increasing their exhaust areas, using the 
steam more expansively and reducing the power necessary 
to their operation, as well as the wear of the valve and seat 
faces. 

The wearing surfaces of the respective valves are given in 
table number 12, the valves being allowed to overlap the 
ports an inch at each end of the ports. The wearing surfaces 
of the seats are given, so far as concerns the bridges, between 
the cylinder ports only, because the width of seat face out- 
side of the steam-ports varies considerably in practice. The 
sur&ce of the bridges, however, always wears &ster than the 
sur&ce outside the ports, and furthermore the bridge surface 
always wears hollow in its length, as well as hollow as denoted 
by a straight-edge placed across the cylinder (ace and at a 
right angle to the length of the port 
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Tablb 13. 

j.| BisesofyalTM. AreaofTaWs. Area of bridges. Yalye trayel* 

"* Inches. 8q. inches. Sq. inches. Inches. 

21 7;^xl7 127-5 15 6^ 

22 7|^xl7 131-7 15 AM 

23 10 X 17 1700 15 AM 

24 8^x17 150-8 15 6 

25 7>^xl6 120-0 14 6 

26 7>ixl6 120-0 14 6 

27 8f^xl8 145-2 16 5 



AREA OF STEAM PORTS. SHAPE OF STEAM 
PORTS, AND WIDTH OF BRIDGES. 

The author has thought it the best to give the rules for find- 
ing the area of steam ports as given by recognized authorities 
on that subject, and to supplement these with numerous ex- 
amples taken from general practice, and the reader will at 
once observe the wide variation existing between theory and 
practice on this subject. It will be noted that the practice of 
extensive locomotive builders has been selected, and it may be 
further remarked that in stationary steam engine practice the 
same variation exists. It is necessary to add, however, that 
in comparing the area of the steam port with that of the steam 
cylinder only, the piston speed is assumed to be equal in each 
case, whereas, if much discrepancy existed in the piston speed, 
and the smallest ports accompanied the slowest piston speed, 
their relative efSciency would be increased because of the in- 
crease of time during which the steam Would flow through 
them for each piston stroke. 

The area of a steam port should bear a definite proportion 
to the quantity of steam required to pass through it in a given 
time, and the following are the rules given by the various 
authorities named. 

Mr. Bourne, in his Catechism of the Steam Engine, says, " In 
slow-working ^engines the common size of the cylinder pas- 



sages is one-twenty-flfth of the area of the cylinder, or one- 
fifth the diameter of the cylinder, which is the same thing. 
Tliis proportion corresponds very nearly with one square inch 
per horse-power when the length of the cylinder is about 
equal to its diameter ; and one square inch of area per horse- 
power for the cylinder ports and eduction passages answers 
very well in the case of engines working at the ordinary pis- 
ton speed of 220 feet per minute." The same author also 
says, " The area of the ports of locomotive engines is usually 
so proportioned as to be from one-tenth to one-eighth the area 
of the cylinder, in some cases even as much as one-sixth, and 
in all high speed engines the x>orts should be very large and 
the yalye should have a good deal of travel, so as to open the 
port very quickly. ' ' 

Dr. Zeuner, in his work on the slide valve, gives the fol- 
lowing : "To find the proper area of port for an engine of a 
given piston speed, multiply the area of the piston in square 
inches by the number opposite to the given piston speed on 
the table below. 



l^wed of piston 


Number whereby to multi- 


In feet per minnte. 


ply the 


area of the piston. 


100 




0-02 


200 




0-04 


800 




006 


400 




07 


500 




0-09 


600 




01 


700 




012 


800 




014 


900 




015 


1000 




017 



In "The Slide Valve Practically Considered," by N. P. 
Burgh, is the following : " The author's extended experience 
in engines of all classes, embracing all the modem improve- 
ments by the best makers, enables him to give the following 
correct formula for the area of the opening or port caused by 
the valve for the supply steam : — 
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High pressure engines — HP. x '6 to '5 square inches. In 
*' Link and Valve Motions," by Auchinchloss, it says, refer- 
ring to the area of steam ports : " This dimension ranks next 
to cut-off in its controlling influence upon the proportions of 
the valve seat and &ce. It may Justly be considered as a 
base from which all the other dimensions are derived in con- 
formity with certain laws. Its value depends greatly upon 
the manner in which the port is employed, whether simply 
for admitting the steam to the cylinder, or for purposes both 
of admission and exit. In cases of admission it is evident 
that the pressure will be sustained at substantially a constant 
quantity by the flow of steam from the boiler. But in case of 
exit or exhaust, a limited quantity of steam, impelled by a 
constantly diminishing pressure, forces its way into the atmoB> 
phcre with less and less velocity. If, then, the engine is sui>- 
plied with two steam and two exhaust passages, the ports will 
be correctly proportioned when the areas of the latter exceed 
those of the former by an amount indicated by careful experi- 
ment When, however, one passage performs both duties, it 
should have an area suitable for the exhaust, and be opened 
only a limited amount for the admission of steam. Very ex- 
cellent results have been found to attend the employment of 
an area equal to 0*04 of that of the piston, and a steam pipe 
area of 0*025 of the same, when the speed of the piston does 
not exceed 200 feet per minute ; but widely different factors 
are demanded by higher speeds like those peculiar to locomo- 
tives. 

In the year 1846 MM. Gouin and Le Chatelier instituted 
8 series of experiments for ascertaining the value of such 
terms. These were continued about six years later by Messrs. 
Clark, €k)och, and Bertera upon engines of British manufac- 
ture. The various results having been collated and analyzed 
by Mr. Clark, were finally presented to the public in his val- 
uable work on "Railway Locomotives." From this it ap- 
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"pe&TB that, with a piston speed of 600 feet per minute, an area 
of 0*1 that of the piston was found to give practically a oerfect 
exhaust." 

The same author then gives the following table for inter- 
mediate speeds of piston "on the assumption that a higher 
speed is usually attended by increased pressure.'' 



Bpeod of piston. 


- 


Port area. 


200 feet per 


minute. 


•04 area of piston. 


250 


i< 




•047 




800 


t€ 




•055 




850 


ft 




•062 




400 


E< 




•07 




450 


i* 




•077 




600 


r< 




•085 




650 


t( 


. € 


•092 




600 " 


<( 


•1 





In practice, however, the proportions vary considerably in 
some cases, because of peculiar requirements, and in others 
without any very apparent reason ; especially is this latter 
the case in the matter of locomotives, as the following table 
discloses: 



Name of Bngin*. 



The Duke (English) 
Baldwin Engine, 
Cudworth Engine (English) 
P. & R. Railway, 
Dickson Mfg. Co. Engine, 
'•Adirondack " B. & A.R.R. 
''Brown.'' B. & A. R.R. 



Sice of cyl- 
inder. 

~~; — ^^ 

Inehes. 

18X26 

18X24 

17X24 

18X24 

17X24 

18X26 

18X26 



SIseof 
steam porta. 



Area of 
■team ports 



Inches. 




Inches. 

22} 

20 

18| 

18| 

20 

12} 

15| 
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Here it will be seen that the two last named engines have 
the largest cylinders and the smallest port area. They are 
the freight engines which have lately been undergoing tests 
npon the Boston and Albany railroad. In this connection, 
however, it maybe noted that the apparent difference is some- 
what modified by variations in the yalve trayel — the first en- 
gine named in . the list haying but 8} inches valve travel, 
while the two last named have 5 inches. 

We next come to a consideration of the proportions desira- 
ble between the width and length of a port. Suppose, for ex- 
ample, its area is determined upon as 18] inches. It may be 
1X18} inches, 1JX16-66 inches, 1^x15 inches, or 1^x12-5 
inches ; the area and contents of the passages remaining the 
same. It is self-evident that the length of the port must bear 
some proportion to the diameter of the cylinder, though our 
table shows considerable latitude in this respect. A long and 
narrow port gives the advantage that when the piston is at 
the commencement of its stroke, and the valve has left the 
steam port, say ^ inch open, the latter, if 18 inches long, 
would permit the steam to pass into the cylinder through an 
area of 18xi=4J inches ; whereas with a Ij Xl2^-inch port 
standing ^ inch open, there would be but an area of 12^ xl^ 
-i-3^ inches, only of opening for the steam to pass through, so 
that the long and narrow port would give a more ready sup- 
ply of steam to the piston during the earlier portion of the 
stroke, assisting the exhaust also, to a similar degree ; further- 
more, the stroke of the valve is reduced. On the other hand, 
however, the length of the valve is increased, and its width 
diminiriied, and it becomes a question as to whether the long, 
narrow, and short stroke valve will require more or less power 
to operate than will the other. Suppose, then, that the area 
of port required is 18} inches, and that we examine into the 
respective merits of a port 18} Xl inch, and one 12^ Xl^ inch. 
Allowing, In each case, the bridges to be an inch wide, the 
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cylinder exhaust port to be twice the width of the steam port* 
the valves covering the ports an inch at each end» the valve 
having (as in Fig. 1) no lap, and jast sufficient travel to 
leave the steam ports Aill open. The sizes of the respective 
valves will be 20 jx^ inches for the long port, andl4}x8 
inches for the short port ; the respective areas being 124^ 
inches for the first, and 116 inches for the last named. In 
considering the pressure with which these respectives valves 
are pressed to their seats, and hence the power required to op- 
erate them, we may disregard (for simplicity's sake) the coun- 
teracting pressure placed by the live and exhaust steam on the 
underneath side of the valve, since that part of the subject will 
be treated of in connection with valves having steam lap, be- 
can e it then becomes a more important element. To pro- 
ceed then, we multiply these respective areas by the steam 
pressure under which they are supposed to operate (say 100 
lbs.), we shall obtain the total force with which the valves 
are pressed to their seats. We may now, for the sake of illus- 
tration, presume that each 100 lbs. of pressure of the valve to 
its seat will require a force of 10 lbs. to move the valve, and 
we hifve as follows : — 

Total pr«Mare Bqalvalent Forea ra- TntT«l Power roqafred 

of ▼»!▼• to of quired to of to move ▼&!▼• 

•oat. friction. moTO valvo. valTO. ooo ttroko. 

Lbs. Lbs. Lb«. Inchos. Inch Lbs. 

Forlongport, 12450 -H 10 = 1245 2 2490 

For short " 11600 -h 10 = 1160 8 8480 

Here then it appears that the valve for the long port will 
require about 44 per cent, of the power to move it that is re- 
quired by its opponent ; and since it has been shown to give 
the most ready supply of steam, it is in both respects the most 
desirable. There would, however, be more friction of the 
steam upon the sides of the passages, and probably a greater 
amount of condensation would take place. 

In this connection it may also be observed, that in the case 
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of the long x)ort the steam passages would be longer to an 
amount equal to the difference in width between the two 
ports compared ; these, however, are minor elements, espe- 
cially the latter, providing that the cut-off takes place early 
in the stroke, in which event the steam in the passage per- 
forms expansive duty after the cut-off takes place. 

WIDTH OF BRIDGES. 

We next come to a consideration of the width of the bridges 
between the cylinder steam and exhaust ports (shown in Fig. 
1, at D D). The proper width of the bridge is often given as 
the same in amount as the thickness of the cylinder ; there is 
no reason, however, why this width should not be propor- 
tioned to its duty. It has first to separate the steam port f^om 
the exhaust port, and must therefore be strong enough to 
withstand the highest pressure (with the usual margin of ex- 
tra strength) to which the cylinder is intended to be subjec- 
ted. Here, however, it may be noted that* the thickness of 
the bridge need not be uniform, but may be cut away at and 
near the face of the seat, thus obtaining a strong bridge with 
a narrow seat face. It must be remembered that a savihg of 
a quarter of an inch in the width of the bridge, makes half 
an inch less in the required width of the valve, and by reduc- 
ing its area, operates (in the same manner as the narrow 
port) to diminish the amount of power necessary to operate 
the valve. 

It has, secondly, to maintain a steam-tight joint (with the 
valve) between the cylinder steam and exhaust ports. To 
form such a joint, a quarter of an inch is sufficient, so that if, 
at the extreme ends of the valve travel, there is left that 
width of contact between the valve and seat faces, a tight 
joint may be assured ; but whether so narrow a bridge as this 
would give will stand the wear so as to maintain a tight joint, 
is another question, and one depending upon several ele- 
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inents. If the valve travel is greater than that necessary to 
permit to the port a full opening, or in other words, if that 
travel is greater in amount than twice the width of the steam 
port in a valve (suck as shown in Fig. 1), or twice the width 
of the steam port, added to twice the amount of any steam 
lap that valve may have added to it, then the hridge has more 
duty placed upon it, in consequence of the necessary addition 
to the travel, and it should therefore have an addition of area 
to withstand the resulting additional wear. 

The hardness of the metal of which the seat is composed, 
and the pressure of steam under which the valve is required 
to operate, are also elements which go to determine the wear- 
ing qualifications of the bridge. It is evident, however, that 
(presuming the iron to be as hard as it can conveniently be 
operated upon by the machine cutting-tools) the area of the 
bridge should bear a definite proportion to the pressure of the 
valve to its seat, and the amount of the valve travel, or in 
other words, it should bear a definite relation to its duty ; the 
proportion of that relation being determined by results taken 
from actual experiment 

The width of bridge is generally less than the width of 
the steam port, varying in English locomotive practice from 
about one and three-eighths to one and a quarter, and in 
American from fifteen sixteenths to one and a quarter inch, 
and the bridges are found in both cases to usually wear hoi 
low in their lengths. 
7* 
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THE POWER REQUIRED TO OPERATE A SLIDE 

VALVE. 

Any mathematical rule whereby to calculate the power re- 
quired to operate a slide valve is vitiated by the following 
facts : The rule must be based upon the unbalanced area of 
the valve, the force or weight pressing the valve to its seat, 
and the distance the valve n^oves through in a given time. 
The first and last of these elements may be very easily deter- 
mined, but the force pressing the valve to its seat is a quantity 
which varies with the sliape of the valve, its size, strength, 
and the temperature under which it operates, or, in other 
words, it varies with the fit of the valve to its seat, and that 
fit is in a continuous state of change. 

When a valve is lying upon its seat in the open air, there 
should be, if it is fitted to its seat, the atmospheric pressure 
of say 15 lbs. per square inch of unbalanced area pressing it 
to its seat. The unbalanced area will be composed of the 
area of valve &ce in contact with the iron surfiice of the steam 
chest &ce or valve seat face, and will amount, in a small valve, 
to, say 25 inches, which, multiplied by the atmospheric press- 
ure, say 15 lbs., would give 875 lbs. in addition to the weight 
of the valve as the power necessary to lift the valve from its 
seat. As a practical fact, however, it does not matter how 
perfectly any valve, when new, may fit to its seat ; one month^s 
wear will so entirely destroy the truth of the surfaces, that it 
may be lifted from its scat against the atmospheric pressure 
without the employment of 1 lb. per square inch more than 
that due to the weight of the valve ; indeed, it is not found in 
practice to require anything more than the simple weight of 
the valve. 

There can be but one explanation of this well-known prac- 
tical fact, which ia, that the valve does not fit sufficiently 
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closely to its seat to exclude a thin film of air which acts to 
counterbalance the pressure on the back of the yalye. 

That such a film of air may exist without affecting the prac- 
tical tightness of the yalve is capable of indisputable demon- 
stration. Thus, take two trujy surfaced plates, and, after 
carefully cleaning them, lower one vertically upon the other, 
and it will be found to float upon the other, gliding about wilh 
extraordinary ease. Then lift the top plate, and it will suspend 
the bottom one from the partial vacuum between the two sur- 
faces. 

CONDITIONS UNDER WHICH A SLIDE VALVE 

OPERATES. 

The conditions under which a slide valve operates wliile 
actually at work are widely different from those existing when 
it is at rest. First, as the boiler pressure fluctuates the tem- 
perature of the valve varies, causing the valve to expand or 
contract as the temperature increases or falls, and the irregu- 
lar shape of the valve prevents the valve face from expanding 
or contracting in a straight line ; hence the plane of its face is 
in a state of change constant with variations in the boiler 
pressure, and hence there is every probability, indeed, it ap- 
pears a certainty, that there is at all times a film of steam 
beneath a part of the valve face acting to offset the pressure 
on the back of the valve. During an extensive experience in 
repairing locomotives, I never yet found an old valve a suffi- 
ciently good fit to its scat to have any of the atmospheric 
pressure holding it to its seat, and if air finds its way beneath 
why will not steam also ? 

Suppose that all slide valves were made of an equally good 
fit to their seats (and this is supposing a good deal, when we 
remember that some engine builders put in the valves just as 
they were planed, making no attempt to fit them to their 
seats on the cylinder port faces, while others file them to a fit| 



73 

and others again scrape both valve and seat true to a surface 
plate). Suppose that the co- efficient of friction, whether due 
to the pressure only of the valve to its seat or to the combined 
pressure and induced adhesion from perfect contact, was in 
all cases alike, when the valves were put in new. 

Let us see how long they would remain so. First, then, 
an iron or brass casting, heated after having the surface re- 
moved by planing or filing warps, and its fit is impaired. 
With the loss of the fit goes a loss of the adhesion, and an 
admission of steam beneath that part of the valve which does 
not fit. How much it will warp depends upon the tempera- 
ture to which it is heated, on how much was cut off the planed 
face, on how unevenly the valve casting cooled after being 
taken out of the mould, on the shape and thickness of the 
valve, and on several- other elements. Let us presume, how- 
ever, that a casting could be made so that it would not warp 
from having its sur&ce skin removed, and that, by heating 
the valve after it had been once sur&ced, the reset had taken 
place, and the valve, being refaced true, would not again 
warp from being reheated (as experience <lemonstrates that it 
always does), and that, being heated to a given temperature, 
it would remain as close a fit to its seat as it was when cold. 
Then, just so soon as the temi>erature varied, the expansion 
and shape of the valve would vary. Cast iron expands by 
heat, in proportion to the temperature. The valve has, acting 
on the inside area of its exhaust port, the cooling effects of 
the atmosphere, which finds ingress through the exhaust 
pipe. The exhaust steam itself lowers in temperature as its 
pressure decreases, and the live steam on the back of the valve 
is comparatively constant in temperature : as a result, then, 
the valve is continually changing in form from the expansion 
due to the high temperature of the exhaust steam during the 
early part> and the lower temperature during the latter part, 
of the exhaust. Now com.s another and more important 



quesUon, and that is ; How br wtU the spring of the Tslre. 
from Ihe preesnre of the Btcnm upon ila bad;, affect the tit to 
its seat, and will it so spring as to permit of a Anc film of 
steam finding ila way beneatli the wings of the Talve, ihua 
relieTing, to a certain extent, theamount of its pressure to Its 
seatT 
If we take a pair of the plates shown in Fig. 20, and get 



them BO closely together that it reqaires, say, 840 lbs. to slide 
one upon the Other, and tlieu lake hold of the plates by the 
handles, as shown in our engraving, we can pull them apart 
by exerting a force of about 130 lbs. ; In other words, it will 
lequtra but little more than one third as much power to pull 
them apart, in this manner, as it requires to slide one upon 
the other. In thns pulling them apart, we have, upon the 
back, whatever weight of the atmosphere the fineness of the 
fit leaves unbalanced, and, in addition, whatever amount of 
adhesion the perfect contact of the surfoces may Induce. 
Heuce, allowing a co-etficicnt of IHclion of 0'15, we should 
hare 3,376 lbs. holding the plates to getlier ; and while allow 



ing n co-efflcient of 23-7, we ehonld have l,4401bi. leBtsting 
the effort to pull the platea apart. The fact, therefore, that 130 
lbs. will actually, under the conditions shown, pull the plates 
apart, appears at first sight not a little singula:^. The solution, 
however, is simple enough. The pktes spring from the press 
are placed by the haads upon them, and hen^ thej unhipand. 
come apart just as if we took two sheets of paper, placed tO' 
gethcr and soaked with water, and then took hold of two 
corresponding comers and pulled them apart. The plates are 
} inch thick in the body, and the tibs are each -^f incb 
thick and 2f inches high ; and yet 180 lbs. applied as.^owu 
will spring them sufficiently to let the air get in between 
them. Let us in the light of this &ct examine the shape and 
pressure upon a slide valve (assnming for the nonce that the 
pressure is the unbalanced area in contact mnltlpUed by the 
steam pressure), and ascertain whether it is reasonable to sup- 
pose that the pressure of the steam upon the valve spring 
the wings, and permits the steam to find its way beneath 

lu Fig. 80 is shown an ordinary locomotive slide valve, the 



ports being 1^ x 17 inches, the bridges between ports 1 inch 
wide, the cylinder exhaust port 2^ incites wide, and the 
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yalye having 1 inch of steam lap, covering the ends of the 
cylinder ports 1 inch at each end. When the valve is in the 
position shown, it will be noted that there is a very large 
proporti<m of the area of the valve unsupported by the seat ; 
the area of this portion will be in this case 5] inches, as 
marked in the engraving, one way, and 17 inches the other 
^97*75 inches. Now supposing the steam pressure to be 180 
lbs. per inch: then 97*75 x 180 as 12,707 lbs., the assumed 
pressure of the valve to its seat, tending to spring the flanges 
or wings in the direction denoted by the dotted lines, £ and 
F, respectively. What have we to offset this amount ? The 
area of one bridge equals 17, the area covered under the valve 
flange at equals 11 inches, and the amount of the valve 
flange overlapping the ends of the steam ports equals 15*5 ; 
total 48*5 square inches, which, multiplied by the steam pres- 
sure, would give 5,855 lbs. as the pressure tending to keep 
the valve wings from springing. There will, it is true, be a 
pressure placed on the underneath side of the valve by the 
exhausting steam, the area thus acted on being, in the position 
shown, 97*79 square inches ; but it can scarcely be advanced 
that this pressure can be sufficient to relieve the valve from 
its liability to spring from the 6,853 lbs. on the other side. 

Theoretically, a valve will spring of its own weight ; and 
that it will spring from the pressure which a man can put 
upon it with his hands, I have often found in &ciug valves 
up. For example, if, in trying the valve on the surface plate, 
the former is pressed in the middle by the hands to make the 
plate mark the face plainly, and the valve is fitted under 
these conditions to a practically perfect fit, the surface plate 
marks showing equally all over, we may then let the valve 
lie upon the plate of its own weight only, and the marks will 
show (after of course moving the valve back and forth) at 
and near the. edges of the valve only, showing that the pres- 
sure of the hands sprung it. There are plenty of instances of 
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metal in the most solid of forms springing of its own weight : 
witness the Morton Poole rolls, which, though of chilled cast 
^ron and 12 inches in diameter, spring and bend by the inser- 
tion between them of a piece of gold leaf ^^^^ inch thick. 
There is yet another part of this question, however, which 
is found in practice to be of the utmost importance, and that 
is (as a visit to any locomotive repair shop will demonstrate, 
by the engines that come in to be repaired), that the valve 
weai-s out of truth, and so does the seat. In my experience, 
I have chipped a full ^ inch oflf valve seat faces without cut- 
ting the worn grooves out. I have examined, or had come 
under my observation, at least 400 slide valves, and I nerer 
saw one that was, after working three months, of a sufficient 
fit to its seat to require one pound more than its own 
weight to lift it from its seat ; whereas, if such a valve as is 
shown in Fig. 30 were of a practically perfect fit, it would 
require, when in mid-position, some 800 lbs. to lift it vertically, 
taking hold of the ribs outside the arch. The fact is that the 
bridges wear hollow lengthways, and hollow, as denoted by 
a straight edge^ over the seat and across the bridges. Then 
there usually wears in the seat face a groove at right angles 
to, and close to, the edges of the ports. To remedy this, a 
practice sprung up in England, in about the year 1865, of 
drilling, in the &ce of the valve and in a line with the ex- 
haust-port edge, a hole in each wing ; and this hole may be 
found mentioned in recent English engine specifications. 
Kow just so soon as a valve face loses its smoothness, though 
the grooves may be only the one hundredth of an inch deep, 
or like coarse file marks, it becomes impracticable to exclude 
the surrounding air at atmospheric pressure, let alone steam 
at a high pressure, from between the surfeces. 

I have a plate of the same size as those shown in Fig. 29, 
which has been planed and not fitted in any way. The 
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planer marks are all intact. By placing a finished true plate 
upon it, the partial vacuum between the two will lift the 
planed one ; but in about ten seconds it will fall, because the 
weight of the plate causes it to sag, and the air travels along 
the fine planer marks until there is not sufficient vacuum to 
sustain the weight of the plate, which is about 20 lbs. Now 
since the planed plate can be lifted by the vacuum, it is at 
least as good a fit as an ordinary slide valve, and under a 
steam pressure would undoubtedly be steam-tight, although 
the steam, like the air, would find its way along the planer 
marks, and thus counterbalance a large proportion of the 
pressure placed by the steam on the back of the valve. How 
much the elements of warping from expansion, changing 
form from irregular temperature, and counterbalancing from 
steam finding its way beneath the valve, will afifect the press- 
ure of a valve to its seat whether these causes act either in 
concert or partly ccuntsract each the other, -will depend upon 
the shape, size, strength, etc, of the valve. 

8 
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COEFFICIENT OF FRICTION. 

If we attempt to ascertain the power required to operate a 
slide valve by any of the rules given by various authors, we 
are at once confronted with several difficulties. First, we 
have no data as to how the friction of metal surfaces is affected 
by the metal being heated to various temperatures. Secondly, 
the dryness or wetness of the steam must have an important 
bearing, since steam acts to a certain extent as a lubricator, 
and the degree of that extent varies according to its saturation 
or wetness as it may be termed. Thirdly, we have no data 
which enables us to determine whether the closeness of the fit 
of the valve to its seat in those part« of its area which have no 
interposed film of steam beneath induces any adhesion of the 
surfaces which some experimenters claim exists in addition to 
the friction due to the pressure forcing the surfaces together. 
Since, however, this part of the subject will be referred to 
presently, we may now place before the reader the generally 
accepted table of coefficients of friction. 

The experiments of General Morin on the friction of vari- 
ous bodies without an interposed film of lubricating liquid, 
but with the surfaces wiped clean by a greasy cloth, have 
been summarized by Professor Rankine in the following 
table. 
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Frietioa In t«rms cj 
AMg1« of rtpoa«. tb« w«ighc. 

Metals on metals, dry 8Jo to lljo 015 to 0*2 

Metals on metals, wet 16}^^ 0*3 

Smooth surfaces, greased 40 to 4Jo 0*07 to 0*08 

Smooth surfaces, best results Ijo to 2^ 003 to 0*36 

In a paper, of which an abstract has appeared in the C7omp- 
ie$ Bendtu of the French Academy of Sciences, for April 26, 
1858, M. H. Bochet describes a series of experiments which 
have led him to the conclusion that the friction between a 
pair of surfaces of iron is not, as it has hitherto been believed, 
absolutely independent of the velocity of sliding, but that it 
diminishes slowly as that velocity increases. 

If we class the conditions under which a slide valve operates 
under the head of *' metals on metals, dry," we are confronted 
at once with the question : For what reason shall we select 
the co-efficient as 15 in preference to the 0*2, or vice ver$af 
If we class those conditions under any other of the headings 
in the table, where are we to get a coefficient of 0*15 ? And 
if, as M. H. Bochet concludes, the co- efficient varies with the 
velocity of sliding, how can we assume a fixed co -efficient for 
a slide valve when its velocity of sliding varies with every 
variation in the speed of the engine, as well as at every inch 
of its movement? In the case of slide valves, however, the 
weight upon the valve is not a dead weight, but live steam 
which will find its way beneath the sur&ces and remain 
there. 

InAppleton's "Cyclopodia occurs the following : 'Two 
glass or metal plates with well ground surf&ces, when pressed 
together, will adhere with such force that the upper one will 
not only support the lower, but an additional weight will be 
required to separate them. The amount of this adhesive 
force has been measured by recording the weights necessary 
for their separation. The records of the old experimenters on 
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this subject are worthless, because they placed a lubricating 
fluid (oil or fat) between the plates; they found thus the 
cohesion of the oil or fat, and not the adhesion of the plates. 
In later times, Prechtl, in Germany, has made the most care- 
ful experiments in this line ; he took polished metal plates of 
H inch diameter, suspended the upper one to a balance, 
brought it to an equilibrium in a horizontal position, and 
attached, the lower plate to.a support beneath it Both plates 
were then brought into contact, so that the flat polished sur 
faces covered one another perfectly, and the weights required 
in the scale, at the other end of the balance beam, to separate 
the plates were the measures of adhesion. He found thus the 
following remarkable law : The adhesion between two plates 
of the same material is the same as that between one of the 
plates and any material which possesses a less adhesive foice. 
Prechtl found also that an attraction of the plates manifested 
itself at an appreciable distance before actual contact, and he 
even measured the amount of this attraction at the distance 
of 2^ of an inch by means of weights in fractions of grains. 
The suspended plate, when brought within this distance, was 
attracted with an accelerated motion till the contact took 
place with a slight concussion. The idea that the pressure of 
the air was the chief cause of the adhesion of two such plates, 
as it is in the case of the well known experiment with ths 
Madgeburg hemispheres, was set at rest by Boyle, who sus- 
pended the adhesive plates charged with weight in the 
Tacuum of and air pump ; the plates were not separated, while 
the hemispheres held together by the vacaom alone fell aixirt" 
In cast iron the amount of oil that will remain in the pores 
of the metal, even after careful wiping of the surface with dry 
rags, is sufficient to affect the friction of the surfaces, so that 
after such a surface has been oiled it is necessary to use alco- 
hoi in order to thoroughly remove the oiL 



' 



87 

A practical experiment made by me upon a pair of cast-iron 
snr&ce plates weighing 28 lbs. each and haying an area of 96 
inches demonstrated the following : .With the top plate low- 
ered vertically npon the bottom, it did not require an ounce 
to move the top plate, both plates being dry, but if there was 
one drop or one-quarter of a drop of oil distributed over the 
192 inches of area of the two platee^ it would require 50 to 100 
lbs. to slide it, according to the anv)unt of lubrication. This 
will always be the effect of slight lubrication upon closely fit- 
ting imooth surfaces, since the oil acted to exclude the film of 
air that would otherwise remain between the faces. Freely 
lubricated, the plate would require about 5 lbs. to slide it. 
If, however, the surfaces are wiped clean with oil and rag 
and are then wiped dry with the rag, and if we then place the 
plates in contact at one comer only, and slide the top one over 
the other, it has taken 841 ^ lbs. to slide one over the other, ns 
appears from a test made by Messrs. Fairbanks upon their 
standard scales at the Centennial. 

Now the area of the plate 96 inches multiplied by the atmos- 
pheric pressure' per square inch 14*7 a= 1411*2, add the weight 
of the plate 28 lbs. and we have a total of 1484 2 lbs. pressing 
the plates together. Now since the power required to slide the 
plate expressed in hundreds is 8*415, we divide that amount 
into the total 1484*6, and obtain 28 as the power required to 
slide the top plate for every 100 lbs. pressing it to the bottom 
one, or, in other words, we obtain a coefficient of friction of 
-28. This is higher than that given by Morin for cast iron or 
cast iron dry (as the plates were), and this could only arise 
from the surfaces being in more perfect contact or from the 
adhesion referred to. If in an experiment to determine the 
coefficients of friction the simple weight of the sliding piece is 
taken, it becomes an open question whether the surfaces ex- 
clude the air sufficiently to cause i^e atmospheric pressure to 
exert any influence whatever upon the external area, and if^ 
8» 
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on the other hand, the atmospheric pressure is taken in addi- 
tion to tlie weiglit of the piece, it becomes a question how 
closely the surfaces fit together. 

The size of the valve is a very important element, since it ia 
obvious that in the case of a very large valve, such as is tome- 
times used in marine engine practice, it would be impracUcable 
to make it strong enough to resist local distortion, causing it 
when under pressure to warp and fit more closely to its seat 
in those parts of the surface where the valve face, when not 
under pressure, would not fit to the seat. 

It would take an enormous pressure to warp a block of cast 
iron 8 inches square and 2 inches thick sufSciently to destroy 
its close fit when the pressure was exerted all over its exposed 
area, even though it were supported, as on the bridges of a 
steam chest face, but were the piece 18 inches square a mode- 
rate pressure would make a sensible alteration ; while a va- 
riation of lOOO of temperature would affect even the small 
block to a sensible degree. 

THE LUBRICATION OF SLIDE VALVES. 

In many cases the lubrication of a slide valve, though neces- 
sary to prevent the surface from rapid abrasion, may act to in- 
crease the power necessary to operate the valve, unless, indeed, 
it be both copious and constant in supply. It has beeh stated 
that a fine film of oil acted to exclude the film of air from 
between the surfaces that were made by me as experiments 
on the surface plates before referred to, increasing the power 
required to move the top plate from 1 oz. up to 100 lbs., and 
this I have found in many experiments alway» to he the eoM, 
the effect inereasing with the smoothness and truthofthe surfaces. 
Furthermore, on a very smooth surface, and at the same time 
an imporous surface, the oil is rapidly wiped off by the mo- 
tion, whereas, on one that appearis bright and smooth to the 
eye but pitted when put under a magnifying glass of ordinary 
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power, the effects of slight lubrication remain longer, probably 
because tlie oil remains longer in tlie minute depressions. 

Now, with the continuous change of form shown in previ- 
ous remarks to accompany the operation of a slide valve, the 
surfaces cannot remain in close contact, and the oil remains 
to some extent between those parts of the surfaces least in con- 
tact, hence lubrication undoubtedly assists the easy operation 
of the valve. 

PRACTICAL METHOD OP FINDING THE WORKING 
RESULTS OP A GIVEN SLIDE VALVE. 

A simple metliod of ascertaining, with a pair of compasses 
and a square, the working results of any given slide valve is 
shown in Pig. 31. 

Suppose the given proportions of the valve are as follows : — 

laches. 

Width of steam ports f 

Width of cylinder exhaust port 1 ^ 

Steam lap on valve f 

Travel of valve 2f 

Stroke of piston 24 

Draw the circle A<, its circumference representing the path of 
the crank-pin and its diameter representing the piston stroke, 
but since to draw it full size would be inconveniently large, we 
may draw it to a scale of ^ inch per foot. Draw the circle J5, 
whose diameter must equal the full stroke of the valve (in this 
case 2f inches), both circles being struck from the same cen- 
tre. Now draw the vertical line (7, which must pass through 
the centre of the circles. To the right of 6^ and at a distance 
from it equal to the lap of the valve, draw the line D. 

Draw the small circle 1, which represents the crank-pi^ (on 
its dead-centre furthest from the engine-cylinder) ready to 



begin itB Btroke. PUce one point of a pair of compaaseB on 
the centre of circle 1, and the other point (at the Interaectioii 
Fig. 81. 
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of D wilb the circle B) on B at E, Now, since one point of 
these compasses will always be applied to -4, and the other to 
B, we may term them respectively the A and the B points. 

The line D now represents two things : firsj^he edge of the 
yalve, the eccentric being set forward or advanced on the 
shaft sufficiently to take np the lap of the valve 5, represent- 
ing that angular advance, as it is termed (its amount being 
its angle from the line (7). 

We have now marked the relative positions of the crank- 
pin (at 1) on its dead centre and the position of the edge of 
the yalve (at E)^ and, since the eccentric is fast to the crank- 
shaft, it is evident tliat their distances apart will remain the 
same at every point in tlie crank pin revolution. 

Now mark the line F^ whose length must equal, from the 
line D to its point of junction with the circle B^ the width of 
the steam port, in this case | inch, i^1>eing at a right angle 
toD. 

Now while the eccentric moves in the arc of a circle from 
E to O^ the edge of the valve moves in a line from D to (7, 
and as i^ is the width of the port, the latter will be full open 
when it arrives at G, If, then, we place the B point of tlie 
compasses at G, and with the other point mark a point on the 
circle A^ this point will denote the position of the crank-pin 
when the steam port (which is denoted in the figure by the in- 
closed square containing diagonal lines) is full open, as shown 
on the diagram at 2. 

The diameter of the circle B being equal to the full stroke 
of valve, it is evident that from the point 4 we may mark off 
with the compasses the position of the crank-pin when the 
valve is at the end of its travel, such position being shown at 3. 

The edge of the valve now stands at H but parallel to i>, 
and it is obvious that when it retreats to Jit will begin to close 
the latter, hence from /we mark A the position of the crank- 
pin, where the steam port begins to close. 
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When the edge of the yalye meets the edge D of the steam 
port again, the latter will be closed, and the expansion of the 
steam in the cylinder will begin ; hence we place the B point 
of compasses at J, and mark on A the position of crank-pin 
when the expansion begins, that position being shown at 5. 
The expansion will continue while the yalye trayels with its 
lap coyering the steam port, which, being in this case f of an 
inch, is from JXo K, 

As the edge of the yalye, which is parallel to the line C7, 
at the point K leayes K^ the port (which is still the same 
port F) opens for the exhaust ; hence we mark the line X, 
whose length equals the width of the steam port, and which 
now represents the port as an exhaust port exactly as i^did 
for a steam port. 

From ^we mark the crank-pin position when the exhaust 
begins, which is shown at 6. 

When the yalye-edge has moyed across the port, the latter 
will be open full as an exhaust port ; hence with the B point 
at M we mark on A the position 7 of crank-pin, it then being 
on its other dead-centre. 

The exhaust is already full open, and it continues so while 
the yalye passes to the end of its trayel and returns to the edge 
of the port ; hence we place the B point at N (the end of 
yalye trayel), and mark position of crank-pin at 8. 

Continuing around the circle, we place compass-point at 0, 
which represents the edge of the port denoted by L (which is 
yirtually the same point in the yalye moyement as is the yalye 
Jf ), and mark on A position 9, which is the position of the 
crank -pin when the exhaust begins to close. With the com- 
passes on ^ at P we mark on A point 10, which is the position 
of the crank pin when the exhaust closes and the compression 
or cushioning of the steam in the cylinder begins, it continti- 
ing until the crank-pin arriyes at position 1, from whence it 
started. 
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We haye now to ascertain the position of the engine piston 
when the crank-pin was at each respective point, which is 
easily done, as follows : — 

The full stroke of the piston is represented by the diameter 
of circle A, and hence by the distance between the vertical 
lines Q B, Q representing the end from which the piston 
started ; hence we draw the vertical lines shown from each 
crank-pin position, and their distance from Q is the distance 
the piston has traveled when the crank-pin was in the respec- 
tive positions ; but as the circle A is one-eighth full size, we 
multiply the distance actually shown on the diagram by 8, 
and thus obtain from our diagram the following reading : — 

Steam-port full open when piston had moved 8| inches. 

Yalve at end of travel when piston had moved 6| inches. 

Steam-port began to close when piston had moved 9$ inches. 

Expansion began when piston had moved 18 J inches. 

Expansion ended and exhaust began when piston had moved 
22^ inches. 

Port full open as an exhaust-port when piston arrived at 
end of stroke. 

Exhaust remained open till piston had traveled 18^ inches 
of return-stroke, when it began to close. 

Exhaust closed when piston had moved 22^ inches of return- 
stroke. 

The compression and cushion took place during the last 1^ 
inches of piston movement. 

It is to be observed, however, that the angularity of the 
piston rod would cause a slight variation in the above data, 
the amount depending on the length of the connecting-rod in 
proportion to the length of the piston stroke. The effect of 
the variation would be to place positions 2, 3, and 4 further 
in advance than in the diagram, and positions 5 and 6 a little 
further back when the valve was in the respective positions ; 
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"While positions .9 and 10 would be placed slightly farther to 
the left or in advance. 

It will be noted that in this case we have not given the 
valve any lead ; but all that is necessary to take lead into ac- 
count is to mark to the right of Z> another line distant from D 
to the amount of the lead, in which case D will represent the 
edge of the port and the new line the edge of the valve. The 
compass points being set from 1 to the intersection of the 
new line with the circle A^ this will throw the points 2, 8, 
4, 5, and 6 further back towards 1. For the exhaust side we 
mark a new line to the left of line Jf, 0, using its Junction 
with B as the point of full port opening for exhaust ; this will 
throw the point M nearer to 1 and the point also nearer 
to 1. The positions of the port, as represented both at i^and 
X, however, must remain with their nearest edges distant re- 
spectively from^ (7 to an amount equal to the lap only of the 
valve. 

In our example no exhaust lap was given to the valve, but 
had it been otherwise we should require to mark to the left of 
line (7 another vertical line distant from C7to the amount of 
exhaust lap, and the Junction of this new line with the circle 
B would be the point w herefrom to mark off position 6, or, in 
other words, the position of the crank-pin when the exhaust- 
port opened, and also the point (in place of P) wherefrom to 
mark off crank-pin, position 10 where the compression or 
cushioning began, the position of port L remaining as in the 
diagram. 

If, as is sometimes the case, a diagram thus laid out would 
have the circle B larger than ^, if the latter be drawn to a 
scale of ^, it may be drawn to a scale of \ or any other scale 
that will make A larger than P, but in any case the scale 
must be used as a multiplier in finding the position of the pis- 
ton from the end of the stroke. 



95 




SETTING ECCENTRICS. 

To set eccentrics upon a shaft before it is placed in the en- 
gine or to set them without moving the engine, proceed as 
follows : If the engine runs one way only, and therefore has 
but one eccentric, set the crank-shaft in such a position that 
a wooden straight-edge can be placed 
sufficiently beneath it to be out of 
the way of the eccentric. Place the 
centre line of the length of the crank 
truly horizontal, which may be done 
as follows : From the centre of the 
crank- shaft strike a circle of the dia- 
meter of the crank-pin, as shown in 
Fig. 32, at -4, and draw upon the 
face of the crank a line that shall just 

meet the two circles as denoted by the line B, in Fig. 32, 
using a straight-edge, one end of which rests upon the crank- 
pin, while the other end is coincident with the perimeter of 
the circle A, 

By means of the wedges shown at C7, adjust the crank until 
the line B stands horizontally leyel, tested by a spirit-level. 

Then take a straight-edge, as in 
Fig. 33, and draw on it the line F^ 
and place it horizontally level be- 
neath the crank-shaft and the ec- 
centric, fixing it temporarily so 
that it will not be liable to move. 
To find the centre of the crank- 
shaft G, hang over it plumb-lines 
as denoted by the lines H I^ and 
where the plumb-lines intersect 
the line F^ mark the points J K, 
and midway between J K is the 
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centre of the shaft marked on the straight-edge at L, From 
X, mark on the line F the point if, distant from L the amount 
equal to the lap of the valve added to the amount of lead the 
valve is required to have. From the point M mark on the 
line -Fthe diameter of the eccentric producing the points JVO ; 
then hang over the circumference of the eccentric the plumb- 
lines P Q, and when these lines coincide with the points N O 
on i^the eccentric is in its proper position. 

Here, however, it is necessary to point out that in marking 
the point if it is necessary to consider which way the engine 
is to run. In Fig. 33 the arrow denotes the direction of the 
crank revolution, hence M is located on the right side of Z, 
for M must, in an engine in which the slide valve gear has 
no rock-shaft, always be placed on the right of L farthest from 
the crank-pin, no matter at which end of the stroke the crank 
stands, or in which direction it is to run. But in engines hav- 
ing a rock-shaft, if must be placed on the side of L nearest to 
the crank-pin. 

In Fig. 34 is shown the operation applied to an engine, such 
as a locomotive, having two eccentrics in order to enable it 
to run in either direction. In this case 
it is necessary to remember that the 
eccentric that is to operate the valve 
for the engine to run forward (that is 
in the direction denoted by the arrow 
in Fig. 34) must be the one that stands 
with its throw line following the crank, 
as shown at B in Fig. 34, in which the 
engine is supposed to have a rock- 
shaft, hence M is on the crank-pin 
side of L, The position of the back- 
ward eccentric, with relation to the 
crank, is precisely the same as ec- 
centric By save that its throw line, 8, is as much one side of 
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the crank as B*8 throw line is on the other, hence the plumb- 
lines P, Q, will intersect the points ^, 0, when placed on 
either eccentric. The eccentric that has its throw line in ad- 
vance of the crank is called the leading one, hence in Fig. 84, 
i9 leads. In English engines the left hand eccentric leads, 
while in the United States the right hand one leads. If the 
wrong one is made to lead, the result will be that the engine 
will run backwards when the reversing lever is placed to run 
forward, and vice versa. 

Referring again to Fig. 88, to cause the crank to revolve the 
other way all that would be necessary is to move the eccentric 
so that its throw line R stands in the direction denoted by 8, 
hence R in Fig. 83 and E in Fig. 84 represent the eccentric 
set to run forward in both cases, one engine having, and the 
other not having, a rock-shaft. When the line of direction of 
the eccentric rod is not a line parallel with the centre line of 
the bore of the cylinder (which it usually is), the crank must 
be-placed on the dead centre as before, but instead of the line 
-F' being adjusted to the centre-line of the crank, it must be 
adjusted to the centre-line of the eccentric-rod connection, the 
process being shown in Fig. 35, in which the engine is sup- 
posed to have a rock-shaft A connected to the slide spindle at 
one end, and to the eccentric-rod at the other. Hence the line 
of eccentric-rod connection is represented by the line B, In- 
stead of carrying the centre-line of the shaft down vertically 
to the line Fy standing' horizontally, we must place the 
straight-edge at a right angle to B^ and use a square as shown 
in the figure, instead of the plumb-lines, the rest of the opera- 
tion remaining in all other respects the same. 
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ABLOT.— A Complete Guide for Coach Painters. 

Translated from the French of M. Arlot, Coach Painter ; for eleven 
years Foreman of Painting to M. Eherler, Coach Maker, Paris. By 
A. A. Fesquet, Chemist and Engineer. To which is added an Ap- 
pendix, containing Information respecting the Materials and the 
Practice of Coach and Car Painting and Varnishing in the United 
States and Gveat Britain. 12mo $^.2d 

ABMENGAUD, AMOROUX, and JOHNSON.— The 
Practical Draughtsman's Book of Industrial De- 
sign, and Machinist's and Engineer's Drawing 
Companion : 

Forming a Complete Course of Mechanical Engineering and Archi- 
tectural Drawing. From the French of M. Armengaud the elder, Prof, 
of Design in the Conservatoire of Arts and Industry, Paris, and MM. 
Armengaud the younger^ and Amoroux, Civil Engineers. Rewritten 
and arranged with additional matter and plates, selections from and 
examples of the most useful and generally employed mechaniam of 
the day. By William Johnson^ Assoc. Inst. C. £., Editor of " The 
Practical Mechanic's Journal." Illustrated by 50 folio steel plates, 

and 50 wood-cuts. A new edition, 4to $10.00 
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ABROWSMITH.— Paper-Hanger's Companion : 

A Treatise in which the Practical Operations of the Trade are Sys- 
tematically laid down : with Copious Directions Preparatory to Paper- 
ing; Preventives against the Effect of Damp on Walls ; tne Vari<ms 
Cements and Pastes Adapted to the Several Purposes of the Trade ; 
Observations and Directions for the Panelling and Ornamenting of 
Uooras, etc. By James Arrowsmith, Author of "Analysis of Dra- 
pery," etc. 12mo., cloth $1.25 

ASHTON.— The Theory and Practice of the Art of De- 
signing Fanry Cotton and Woollen Cloths from 
Sample : 

Gving full Instructions for Reducing Drafts as well as the Methods 
of Spooling and Making out Harness for Cross Drafts, and Finding 
any Required Reed, with Calculations and Tables of Yarn. By 
Frederick T. Ashton, Designer, Wt-st Pittsfield, Mass. With 52 
Illustrations. One volume, 4to $10.00 

BAIBD.— Letters on the Crisis, the Currency and the 
Credit System. 

By Henry Carey Baird. Pamphlet 05 

BAIKD.-— Piot:.ction of Home Iiabor and Home Pro- 
ductions necessary to the Prosperity of the Ameri- 
can Farmer. 
By Henry Carey Baird. 8vo., paper 10 

BAIBD.— Some of the FaUcusies of British Free-Trade 
Revenue Beform. 

Two Letters to Arthur Latham Perry, Professor of History and Politi- 
cal Economy in Williams College. By HENRY Carey Baird. 
Pamphlet 05 

BAIRD.— The Bights of American Producers, and the 
Wrongs of British Free- Trade Bevenue Beform. 
By Henry Carey Baird. Pamphlet 05 

BAIBD.— Standard Wages Computing Tables : 

An Improvement in all former Methods of Coraputatior, so arranj^ 
that waj?es for days, hours, or fractions of hours, at a specified rate p«-r 
day or hour, may be ascertained at a glance. By T. Spangler Baird. 
Oblong folio. 15.00 

BAIBD.— The American Cotton Spinner, and Mana- 
ger's and Carder's Guide : 

A Practical Treatise on Cotton Spinning ; giving the Dimensions and 
Speed of Machinery, Draught and Twist Calculations, etc. ; with 
notices of recent Improvements : together with Rules and Examples 
for making changes in the sizes and numbers of Roving and Yam. 
Compiled from the papers of the late Robert H. Baird. 12mo. $1.50 
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BAKEB.— Long-Span Railway Bridges : 

Comprising Inve^ti^tion8 of the Comparative Theoretical and Prac- 
tical Advantages of the various Adopted or Proposed Type Systems 
of Construction ; with numerous Formulse and Taoles. By B. Baker. 
12mo $2.00 

B AUEBMAN.— A Treatise on the Metallurgy of Iron : 

Containing Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analysis of Iron Ores, Processes of Manufacture of Iron 
and Steel, etc., etc. By H. Bauebman, F. G. S., Associate of the 
Royal School of Mines. First American Edition, Revised and En- 
larged. With an Appendix on the Martin Process for Making Steel, 
from the Report of Abram S. Hewitt, U. S. Commissioner to the 
Universal Exposition at Paris, 1867. Illustrated. 12mo. . $2.00 

BEANS*— A Treatise on Bailway Curves and the Loca- 
tion of Bailways. 

By E. W. Beans, C. E. Illustrated. 'l2mo. Tucks. . . $1.60 

BELL.— Carpentry Made Easy: 

Or, The Science and Art of Framiuj? on a New and Improved Systf m. 
With Specific Instructions for Building Balloon Frames, Barn Frames, 
Mill Frames, Warehouses, Church Spires, etc. Comprising also a 
System of Bridge Building, with Bills, Estimates of Cost, and valuable 
Tables. Illustrated by 38 plates, comprising nearly 200 figures. By 
William E. Bell, Architect and Practical Builder. 8vo. . $6.00 

BELL.— Chemical Phenomena of Iron Smelting : 

An Experimental and Practical Examination of the Circumstances 
which determine the Capacity of the Blast Furnace, the Temperature 
of the Air, and the proper Condition of the Materials to be operated 
upon. By I. Lowthian Bell. Illustrated. 8vo. . . $6.00 

BEMROSE.— Manual of Wood Carving : 

With Practical Illustrations for Learners of the Art, and Original and 
Selected Designs. By William Bemrose^ Jr. With an Introduction 
by Llewellyn Jewitt, F. S. A., etc. With 128 Illustrations. 4to., 
cloth $3.00 

BIOKNELL.— Village Builder, and Supplement : 

Elevations and Plans for Cottavjes, Villas, Suburban Besideuces, 
Farm Houses, Stables and Carriage Houses Store Fronts, School 
Houses, Churches, Court Houses, and a model Ja:l ; also, Exterior and 
Interior details for Public and Private Buildint's, with approved 
Forms of Contracts and Specifications, including Prices of Building 
Materials and Labor at Boston, Mass., and St. Louis, Mo. Containing 
75 plates drawn to scale ; showing the style and cost of building in 
diiferent sections of the country, being an original work comprising 
the designs of twenty leading architects, representing the New Eng- 
land, Middle, Western, and Southwestern States. 4io. . $10.0 J 
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BLENKABN.— Practical Specifications of Works exe- 
cuted in Architecture, Civil and Mechanical Engi- 
neering, and in Boad Making and Sewering : 

To which are added a series of practically useful Agreements and Re- 
ports. By John Blenkarn. Illustrated by 15 large folding plates. 
8vo. $9.00 

BLINN.— A Practical Workshop Companion for Tin, 
Sheet-Iron, and Copperplate Workers : 

Containing Rules for describing various kinds of Patterns used by 
Tin, Sheet-Iron, and Copper-plate Workers; Practical Geometry*; 
Mensuration of Surfaces and Solids; Tables < f the Weights of Metals, 
Lead Pipe, etc. ; Tables of Areas and Circumferences of Circles ; 
Japan, Varnishes, Lackers, Cements, Compositions, etc., etc. By 
Leroy J. BiJNN, Master Mechanic. With over 100 Illustrations. 
l2mo. $2.50 

BOOTH.— Marble Worker's Manual : 

Containing Practical Information respecting Marbles in eeneral, their 
Cutting, Working, and Polishing ; Veneering of Marble ; Mosaics ; 
Composition and Use of Artificial Marble, Stuccos, Cements, Receipts, 
SecrWs, etc., etc. Translated from the French by M. L. BOOTH. 
With an Appendix concerning American Marbles. 12mo., cloth. $1.50 

BOOTH AND MORP1T.— The Encyclopedia of Che- 
mistry, Practical and Theoretical : 

Embracing its application to the Arts, Metallurgy, Mineralogy, Ge- 
ology, Medicine, and Pharmacy. By James C. Booth, Melter and 
Refiner in the United States Mint, Professor of Applied Chemistry in 
the Franklin Institute,, etc., assisted by Campbell Morfit, author 
of " Chemical Manipulations," etc. Seventh edition. Royal 8vo., 
978 pages, with numerous woodcuts and other illustrations. . $5.00 

BOX.--A Practical Treatise on Heat: 

As applied to the Useful Arts ; for the Use of Engineers, Architects, 
etc. By Thomas Box, author of " Practical Hydraulics." Illustrated 
by 14 plates containing 114 figures. 12mo $5.00 

BOX.— Practical Hydraulics : 

A Series of Rules and Tables for the use of Engineers, etc By 
Thomas Box. 12mo • . . . . $2.50 

BROWN.— Five Hundred and Seven Mechanical 
Movements : 

Embracing all those which are most important in Dynamics. Hydrau- 
lics, Ilydrost'tics, Pneumatics, Steam Engines, Mill and other Gear- 
ing, Presses, Horology, and Miscellaneous Machinery ; and including 
many movements never before published, and Severn 1 of which have 
only recently come into use. By Henry T. Brown, Editor of the 
" American Artisan.*' In one volume, 12ma . . • $1.00 
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BTJCH:MAST£B.~T]ie Elements of Mechanical Phy- 
sics: 

By J. C. BucKMASTER, late Student in the Government School of 
Mines ; Certified Teacher of Science by the Department of Science 
and Art; Examiner in Chemistry and Physics in the Royal College 
of Preceptors ; and late Lecturer in Chemistry and Physics of the 
Koya] Polytechnit! Institute. Illustrated with numerous engravings. 
In one volume, 12mo. $1.50 

BULLOCK.— The American Cottage Builder : 

A Series of Designs, Plans, and Specifications, from $200 to $20,000, 
for Homes for the People; together with Warming, Ventilation, 
Drainage, Painting, and Landscape Gardening. By John Bullock, 
Architect, Civil Engineer, Mechanician, and Editor of " The Rudi- 
ments of Architecture and Building," etc., etc. Illustrated by 75 en- 
gravings. In one volume, 8vo $3.50 

BULLOCK. — The Rudiments of Architecture and 
Building : 

For the use of Architects, Builders, Draughtsmen, Machinists, Engi- 
neers, and Mechanics. Edited by John Bullock, author of " The 
American Cottage Builder." Illustrated by 250 engravings. In one 
volume, 8vo $3.50 

BTJBGH.— Practical Illustrations of Land and Marine 
Engines : 

Showing in detail the Modem Improvements of High and Low Pres- 
sure, Surface Condensation, and Super-heating, together wit a Land 
and Marine Boilers. By N. P. BuRGH, Engineer. lUustrfted by 
20 plates, double elephant folio, with text. . . . $21.00 

BTJBGH.— Practical Bules for the Proportions ox Mo- 
dern Engines and Boilers for Land and Marine 
Purposes. 

By N. P. BUBGH, Engineer. 12mo $1.50 

BTJBGH,'— The Slide- Valve Practically Considered. 

By N. P. Burgh, Engineer. Completely illustrated. 12mo. $2.00 

BYLES.— Sophisms of Free Trade and Popular Politi- 
cal Econom3r' Examined. 

Bv a Barrister (Sir John Barnard Byles, Judge of Common 

• Pleas). First American from the Ninth English Edition, as published 

by the Manchester Reciprocity Association. In one volume, 12mo. 

Paper, 75 cts. Cloth $1.25 

PYBN.— The Complete Practical Brewer : 

Or Plain, Accurate^ and Thorough Instructions in the Art of Brewing 
Beer, Ale, Porter, including the Process of making Bavarian Beer, 
all the Small Beers, such as Root-beer, Ginger-pop, Sarsaparilla- 
beer, Mead, Spruce Beer, etc., etc. Adapted to the use of Public 
Brewers and Private Families. By M. La Fayettb Byrn, M D. 
With illustrations. 12mo. ....••• $1.2$ 
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B YRN.— The Complete Practical Distiller : 

Comprisin'g the most perfect and exact Theoretical and Practical De- 
scription of the Art of Distillation and Rectification ; including all of 
the most recent improvements in distilling apparatus; instructions 
for preparing spirits from the numerous vegetaoles, fruits, etc. ; direc- 
tions for the distillation and preparation of all kinds of brandies and 
other spirits, spirituous and other compounds, etc., etc. By M. La 
Fayette Bykn, M. J). Eighth Edition. To which are added, Prac- 
tical Directions for Distilling, from the French of Th. Fling, Brewer 
and Distiller. 12mo. $1.50 

BYBNE.—Handbook for the Artisan, Mechanic, and 
Engineer : 

Comprising the Grinding and Sharpening of Cutting Tools, Abrasive 
Processes, Lapidary Work, Gem and Glass Engraving, Varnishing 
and Lackering, Apparatus, Materials and Processes lor Grinding and 
Polishing, etc. By Oliver Byrne. Illustrated by 185 wood en- 
gravings. In one volume, 8vo $5.00 

BYKNE.— Pocket Book for Railroad and Civil Engi- 
neers : 

Containing New, Exact, and Concise Methods for. Laying out Rail- 
road Curves, Switches, Frog Angles, and Crossings; the Staking 
out of work ; Levelling ; the Calculation of Cuttings ; Embankments ; 
Earth-work, etc. By Oliver Byrne. 18mo., ftiU bound, pocket- 
book form $1.75 

B YBNE.— The Practical Model Calculator : 

For the Engineer, Mechanic, Manufacturer of Engine Work, Naval 
Architect, Miner, and Millwright. By OUVEE BYRNE. 1 volume, 
8vo., nearly 600 pages |4.50 

BYRNE.— The Practical Metal- Worker's Assistant: 

Comprising Metallurgic Chemistry ; the Arts of Working all Metals 
and Alloys; Forcing of Iron and Steel; Hardening and Tempering; 
Melting and Mixmg ; Casting and Founding ; Works in Sheet MetiQ ; 
The Processes Dependent on tjie Ductility of the Metals ; Soldering ; 
and the most Improved Processes and Tools employed bv Metu- 
Workers. With tne Application of the Art of Electro-Metallur^ to 
Manufacturing Processes ; collected from Original Sources, and from 
the Works of Holtzapffel, Bergeron, Leupold, Plumier, Napier, 
Scoffern, Clay, Fairbairn, and others. Bj Oliver Byrne. A new, 
revised, and improved edition, to which is added An Appendix, con- 
taining The Manufacture of Russian Sheet-Iron. By John 
Percy, M. D., F.R.S. The Manufacture of Malleable Iron 
Castings, and Improvements in Bessemer Steel. By A. A. 
Fesquet, Chemist and Engineer. With over 600 Engravings, illus- 
trating every Branch of the Subject. 8vo $7.00 

Cabinet Maker's Album of Furniture: 

Comprising a Collection of Designs for Furniture. Illustrated by 43 
Large and Beautifully EngravedPlates. In one vol., oblong $3.50 
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CALIiINGHAM— Sign Writing and Glass Emboss- 
ing: 
A Complete Practical Illustrated Manual^f the Art. By James 
Callingham. In one volume, 12mo $1.50 

CAMPIN.— A Practical Treatise on Mechanical Engi- 
neering : 

Comprising Metallurgy, Moulding^ Casting, Forging, Tools, Work- 
shop Machinery, Mechanical Manipulation. Manufacture of Steam- 
engines, etc., etc. WitJi an Appendix on tne Analysis of Iron and 
Iron Ores. Hy Feancis Campin, C. E. To which are added, Obser- 
vations on the Construction of 8team Boilers, and liemarks upon 
Furnaces used for Smoke Prevention ; with a Chapter on Explosions. 
By 11. Armstrong, C. E., and John Bourne. Rules for Calculating 
the Change Wheels for Screws on a Turning Lathe, and for a Wheel- 
cutting Machine. By J. La Nicca. Management of Steel, Includ- 
ing Forging, Hardenmg, Tempering, Annealing, Shrinking, and Ex- 
pansion. And the Case-hardening of Iron. By G. Ede. 8vo. Illus- 
trated with 29 plated and 100 wood engravings . . . $6.00 

CAMPIN.— The Piraotice of Hand-Turning in Wood, 
Ivory, Shell, etc. : 

With Instructions for Turning such works in Metal as may be re- 
quired in the Practice of Turning Wood, Ivory, etc. Also, an Appen- 
dix on Ornamental Turning. By Feancis Campin ; with Numerous 
Illustrations. 12mo., cloth . . . * . . . . $3.00 

CARET.— The Works of Henry C. Carey : 

FINANCIAL CRISES, their Causes and Effects. 8vo. paper . 25 

HARMONY OF INTERESTS : Agricultural, Manufacturing, and 
Commercial. 8vo., cloth $1.50 

MANUAL OF SOCIAL SCIENCE. Condensed from Carey's " Prin- 
ciples of Social Science." By Kate McKean. 1 vol. 12mo. $2.25 

MISCELLANEOUS WORKS : comprising " Harmony of Interesta," 
" Money," " Letters to the President," " Financial Crises," " The 
Way to Outdo England Without Fighting Her," "Resources of 
the Union," "The Public Debt," "Contraction or Expansion?" 
" Review of the Decade 1857-'67," " Reconstruction," etc., etc. 
Two vols., Svo., cloth 

PAST, PRESENT, AND FUTURE. Svo $2.50 

PRINCIPLES OF SOCIAL SCIENCE. 3 vols., 8vo., cloth $10.00 

THE SLAVE-TRADE, DOMESTIC AND FOREIGN ; Why it Ex- 
ists, and How it may be Extinguished (1853). Svo., cloth . $2.00 

LETTERS ON INTERNATIONAL COPYRIGHT (1867) . 50 

THE UNITY OF LAW : As Exhibited in the Relations of Physical, 
Social, Mental, and Moral Science (1872). In one volume, 8vo., 
pp. xxiii., 433, Cloth $3.50 

CHAPMAN.— A Treatise on Bopemaking: 

As Practised in private and public Rope yards, with a Description 
of the Manufacture, Rules, Tables of Weights, etc., adapted to the 
Trades, Shilling, Mining, Railways, Builders, etc. By Robert 
Chapman. 24mo $1.50 
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COLBURN.— The Locomotive Engine : 

Including a Description of its Structure, Rules for Estimating its Capa- 
bilities, and Practical^bservations on its Construction and Manage- 
ment. By Zerah COLBURN. Illustrated. A new edition. 12mo. $1.25 

CBAIK. — The Practical American Millwright and 
Muler. 

By David Craie, Millwright. Illustrated by numerous wood en- 
gravings, and two folding plates, bvo $5.00 

DE GRAPP.— The Geometrical Stair Builders' Guide : 

Being a Plain Practical System of Hand-Railing, embracin&r all its 
necessary Details, and Geometrically Illustrated by 22 Sieel ^Elngrav- 
ings; together with the use of the most approved principles of Prac- 
tical Geometry. By Simon De Graff, Architect. 4to. . $5.00 

©E KONINCK.— DIETZ.— A Practical Manual of Che- 
mical Analysis and Assaying : 

As applied to the Manufacture of Iron from its Ores, and to Cast Ir^n, 
Wrought Iron, and Steel, as found in Commerce. By L. L. De Kon- 
INCK, Dr. Sc, and E. Dietz, Engineer. Edited with Notes, by Robert 
Mallet, F.R.S., F.S.G., M.I.C.E., etc. American Edition, Edited 
with Not«s and an Appendix on Iron Ores, by A. A. Fesquet, Chemist 
and Engineer. One volume, 12mo $2.50 

DUNCAN.— Practical Surveyor's Guide: 

Containing the necessary information to make any person, of common 
capacity, a finished land surveyor without the aid of a teacher. By 
Andrew Duncan. Illustrated. 12mo., cloth. . . . $1.25 

DXJPIfAIS.— A Treatise on the Manufacture and Dis- 
tillation of Alcoholic Liquors : 

Comprising Accurate and Complete Details in Regard to Alcohol from 
Wine, Molasses, Beets, Grain^ Rice, Potatoes, Sorghum, Asphodel, 
Fruits, etc. ; with the Distillation and Rectification of Brandy, Whis- 
key, Rum, Gin, Swiss Absinthe, etc., the Preparati'>n of Aromatic Wa- 
ters, Volatile Oils or Essences, Sugars, Syrups, Aromatic Tinctures, 
Liqueurs, Cordial Wines. Effervesoinff Wines, etc., the Aging of Brandy 
and the Improvement or Spirits, with Copious Directiofs and Tables 
for Testing and Reducing Spirituous Liquors, etc., etc. Translated 
and Edited from the French of MM. Duplais, Ain6 et .Teune. By 
M. McKennie, M.D. To which are added the United States Internal 
Revenue Regulations for the Assessment and Collection of Taxes on 
Distilled Spirits. Illustrated by fourteen folding plates and several 
wood engravings. 743 pp., 8vo $10.00 

DtrSSATJCE.— A General Treatise on the Manufacture 
of Every Description of Soap : 

Comprising the Chemistry of the Art, with Remarks on Alkalies, Sa- 

?oninab1e Fatty Bodies, the apparatus necessary in a Soap Factory, 
ractical Instructions in the manufacture of the various kinas of Soa|>, 
the assay of Soaps, etc., etc. Edited from Notes of Larme, Fontenell^, 
Malapayre, Dufonr, and others, with large and important additions by 
Prof. H. DUSSAUGE, Chemist Illustrated. InoneYoL,Bvo, • $12.50 
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DTJSSAUCE.— A General Treatise on the Manufacture 
of Vinegar : 

Theoretical and Practical. Comprising the various Methods, by the 
Slow and the Quick Processes, with Alcohol, Wine, Grain, Malt, Cider, 
Molasses, and Beets ; as well as the Fabrication of Wood Vinegar, etc., 
e;c. By Prof. H. Dussauce. In one volume, 8vo. . . $5.00 

PUSSAXJCE.— A New and Complete Treatise on the 
Arts of Tanning, Currying, and Leather Dressing: 

Comprising all the Discoveries and Inrprovements made in France 
Great Britain*, and the United States. Edited from Notes and Docu- 
ments of Messrs. Sallerou, Grouvelle, Duval, Dessables, lAbarraque, 
Payen, Ren6, De Fontenelle, Malapeyre, etc., etc. By Prof H. Dus- 
sauce, Chemist. Illustrated by 212 wood engravings. 8vo. $25.00 

PUSSAUCE.— A Practical Guide for the Perfumer : 

Being a New Treatise on Perfumerv, the most favorable to the Beauty 
without being injurious to the Health, comprising a Description of the 
substances used in Perfumery, the Formulae of more than 1000 Prepa- 
rations, such as Cosmetics, Perfumed Oils, Tooth Powders, Waters, 
Extracts, Tinctures, Infusions, Spirits, Vinai^es, Essential Oils, Pas- 
tels, Creams, Soaps, and many new Hygienic Products not hitherto 
described. Edited from Notes and Documents of Messrs. Debay, Ln- 
nel, etc. With additions by Prof H. Dussauce, Chemist. 12mo. 

DUSSAUCE.— Practical Treatise on the Fabrication 

of Matches, Gun Cotton, and Fulminating Powders. 

By Prof. H. Dussauce. 12mo $3.00 

Dyer and Color-maker's Companion: 

Containing upwards of 200 Receij)t8 for making Colors, on the most 
approved principles, for all the various stj^les and fabrics now in exist- 
ence ; with the Scouring Process, and plain Directions for Preparing, 
Washing-off, and Finishing the Goods. In one vol., 12mo. . f 1.25 

EASTON.— A Practical Treatise on Street or Horse- 
power Railways. 

By Alexander Easton, C.E. Illustrated by 23 plates. 8vo., 
cloth $3.00 

ELDER.— Questions of the Day : 

Economic and Social. By Dr. William Elder. 8vo. . $3.00 

PAIRBAIRN.— The Principles of Mechanism and Ma- 
chinery of Transmission : 

Comprising the Principles of Mechanism, Wheels, and Pulleys, 
Strength and Proportions of Shafts, Coupling of Shafts, and Engaging 
and Disengaging Gear. By Sir William Fairbairn, C.E., LL.D., 
F.R.S., F.G.S. Beautifully illustrated by over 150 wood-cuts. In 
one volume, 12mo $2.50 

FORSYTH.—Book of Designs for Headstones, Mural, 
and other Monuments : 

Containing 7S Designs. By Jam£» FoBSTtH. With an Introduction 
by Charles Boutell, M. A. 4to., cloth $5.00 



10 HENRY CAREY BAIRD'S CATALOGUE. 



GIBSON. — The American Dyer: 

A Practical Treatise on the Colorinj? of Wool, Cotton, Yarn and 
Cloth, in three parts. Part First gives a descriptive account of the 
Dye stuffs ; if of vegetable origin, where produced, how^ cultivated, 
and how prepared for use ; if chemical, their composition, specific 
gravities, and general adaptability, how adulterated, and how to de- 
tect the adulterations, etc. Part Second is devoted to the Coloring of 
Wool, giving recipes for one hundred and twenty-nine different colors 
or shades, and is supplied with sixty colored samples of Wool. Part 
Third is devoted to the Coloring of Raw Cotton or Cotton Waste, for 
mixing with Wool Colors in the Manufacture of all kilhds of Fabrics, 
gives recipes for thirty-eight different colors or shades, and is supplied 
with twenty-four colored samples of Cotton Waste. Also, recipes tor 
Coloring Beavers, Doeskins, and Flannels, with remarks upon Ani- 
lines, giving recipes for fifteen different colors or shades, and nine 
samples of Aniline Colors that will stand both the Fulling and Scour- 
ing process. Also, recipes for Aniline Colors on Cotton Thread, and 
recipes for Common Colors on Cotton Yarns. Embracing in all over 
two hundred recipes for Colors and Shades, and ninety-four samples 
of Colored Wool and Cotton Waste, etc. By Richard H. Gibson, 
Practical Dyer and Chemist. In one volume, 8vo. . . $6.00 

GILBABT.— History and Principles of Banking : 

A Practical Treatise. By James W. Gilbart, late Manager of the 
London and Westminster Bank. With additions. In one volume, 
8vo., 600 pages, sheep . $5.00 

Gothic Album for Cabinet Makers: 

Comprising a Collection of Designs for Gothic Furniture. Illustrated 
by 23 large and beautifully engraved plates. Oblong . . $2.00 

GBANT. — Beet-root Sugar and Cultivation of the 
Beet. 
By E. B. Grant. 12mo $1.25 

GREGORY.— Mathematics for Practical Men : 

Adapted to the Pursuits of Surveyors, Architects, Mechanics, and 
Civil Engineers. By Olinthus Gregory. 8vo., plates, cloth $3.04 

GRISWOLD.— Railroad Engineer's Pocket Compan- 
ion for the Field : 

Comprising Rules for Calculating Deflection Distances and Angles, 
Tangential Distances and Angles, and all Necessarv Tables for Engi- 
neers ; also the art of Levelling from Preliminarv Survey to the Con- 
struction of Railroads, intended Expressly for the Young Engineer, 
together with Numerous Valuable Rules and Examples. By W. 
Griswold. 12mo., tucks . $1.75 

GRUNER.— Studies of Blast Furnace Phenomena. 

By M. L. Gruner, President of the General Council of ItLines of 
France, and lately Professor of Metallurgy at the Ecole des Mines. 
Translated, with the Author's sanction, with an Appendix, by L. D. B. 
Gordon, F.R.S.E..F.G,e. Illustrated. 8vo. . . . $2.50 
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GUETTIER.— Metallic AUoys: 

Being a Practical Guide to their Chemical and Physical Properties, 
their Preparation, Composition, and Uses. Translated from the 
French of A. Guettier, Engineer and Director of Foundries, author 
of " La Fouderie en France," etc., etc. By A. A. Fesquet, Chemist 
and Engineer. In one volume, 12mo $3.00 

HABBIS. — Gas Superintendent's Pocket Companion. 

Bv Harris & Brother, Gas Meter Manufacturers, 1115 and 1117 
Cnerry Street, Philadelf)hia. Full bound in pocket-book form $1,00 

Hats and Pelting: 

A Practical Treatise on their Manufacture. By a Practical Hatter. 
Illustrated by Drawings of Machinery, etc. 8vo. . . . $1.26 

HOPMANN.— A Practical Treatise on the Manufac- 
ture of Paper in all its Branches. 

By Carl Hofmann. Late Superintendent of paper mills in Ger- 
many and the United States ; recently manager of tne Public Ledger 
Paper Mills, near Elkton, Md. Illustrated dv 110 wood engravings, 
ana five large folding plates. In one volume, 4to., cloth: 398 
pages $15.00 

HUGHES.^-American Miller and Millwright's Assist- 
ant. 

By Wm. Carter Huohbs. A new edition. In one vol., 12mo. $1.50 

HUEST.— A Hand-Book for Architectural Surveyors 
and others engaged in Building: 

Containing Formula useful in Designing Builder's work, Table of 
^eights, of the materials used in Building, Memoranda connected 
with Builders' work. Mensuration, the Practice of Builders' Measure- 
ment, Contracts of Labor, Valuation of Property, Summary of the 
Practice in Dilapidation, etc., etc. By J. F, Hukst, C. E. Second 
editioE, pocket-book form, full bound $2.00 

JEB VIS.— Railway Property : 

A Treatise on the Construction and Management of Bailways ; de- 
signed to afford useful knowledge, in the popular style, to the holders 
of this class of property ; as well as Railway Managers. Officers, and 
Agents. By John B. Jervis, late Chief Engineer of the Hudson 
Kiver Bailroad, Croton Aqueduct, etc. In one vol., 12mo., cloth |2.00 

JOHNSTOl^.— Instructions for the Analysis of Soils, 
Limestones, and Manures. 

By J. F. W. Johnston. 12mo 
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KEENE.— A Kand-Book of Practical Gauging : 

For the Use of Beginners, to which is added, A Chapter on Distil la. 
tion, describing the process in operation at the Custom House fot 
ascertaining the strength of wines. By James B. Keene, of H. M. 
Customs. 8vo $1.25 

KEIiIjEY.— Speeches, Addresses, and Letters on In- 
dustrial and Financial Questions. 

By Hon. William D. Kelley, M. C. In one volume, 544 pages, 
8vo $3.00 

S[ENTISK.~A Treatise on a Box of Instruments, 

And the Slide Rule ; with the Theory of Trigonometry and Loga- 
rithms, including Practical Geometry, Surveying, Measuring of Tim« 
her. Cask and Malt Gauging, Heights, and Distances. By Thomas 
Kentish. In one volume. 12mo $1.25 

K:OBEIiIi.—ERNI.-— Mineralogy Simplified : 

A bhort Method of Determining and Classifying Minerals, by means 
of simple Chemical Experiments in the Wet Way. Translated from 
the last German Edition of F. VoN KOBELii, with an Introduction to 
Blow-pipe Analysis and other additions. By Henri Erni, M. D., 
late Chief Chemist, Department of Agriculture, author of " Coal Oil 
and Petroleum.'* In one volume, 12mo $2.50 

IiANDBIN.~-A Treatise on Steel: 

Comprising its Theory, Metallurgy, Properties, Practical Working, 
and Use. By M. H. C. Landrin^ Jr.^ 1 ivil Engineer. Translate*! 
from the French, with Notes,, by A. A. Fesquet^ Chemist and Engi- 
neer. With an Appendix on the Bessemer and the Martin Processes 
for Manufacturing Steel, from the lleport cf Abrani S. Hewitt, United 
States Commissioner to the Universal Exposition, Paris, 18C7. In one 
volume, 12mo, $3.00 

LABXH)*.— The Practical Brass and Iron Founder's 
Guide: 

A Concise Trea+ise on Brass Founding, Moulding, the Metals and their 
Alloys, etc. : to which are added Recent Improvements in the Manu- 
facture of Iron, Steel by the Bessemer Process, etc., etc. By James 
Lark IN, late Conductor of the Brtiss Foundry Department in Reany, 
Neafie & Co's. Penn Works, Philadelphia. Fifth edition,, revised, 
with Extensive additions. In one volume^^ 12mo. . . $2.25 

LEAVITT.T-Facts about Peat as an Article of Fuel : 

With Remarks upon its Origin and Compos tion, the Localities in 
which it is found, the Methods of Preparation and Mano^icture, and 
the various Uses to which it is applicable ; together with many other 
matters of Practical and Scientific Interest. To which is added a chap- 
ter on the Utilization of Coal Dust with Peat for the Production of an 
Excellent Fuel at Moderate Coat, specially adapted for Steam Service. 
By T. H. Leavitt. Third edition, l2mo, . . . $1.75 
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IiEBOUX, C.—A Practical Treatise on the Manufac- 
ture of Worsteds and Carded Yarns : 

Comprising Practical Mechanics, with Rules and Calculations applied 
to Spinning ; Sorting, Cleaning, and Scouring Wools ; the English 
and French methods of Combing, Drawing, and Spinning Worsteds 
and Manufacturing Carded Yarns. Translated from the French of 
Charles Leboux, Mechanical Engineer, and Superintendent of a 
Spinning Mill, by Horatio Paine, M. D., and A. A. Fesquet, 
Chemist and Engineer. Illustrated by 12 large Plates. To which is 
added an Appendix, containing extracts from the Reports of the Inter- 
national Jury, and of the Artisans selected by the Committee appointed 
by the Council of the Society of Arts, London, on Woollen and Worsted 
Machinery and Fabrics, as exhibited in the Paris Universal Exposi- 
tion, 1867. 8vo., cloth ^.00 

LESLIE (Miss).— Complete Cookery: 

Directions for Cookery in its Various Branches. By MisS Leslie. 
60th thousand. Thoroughly revised, with the addition of New Re- 
ceipts. In one volume, 12mo., cloth $1.50 

LESLIE (Miss).— Ladies' House Book : 

A Manual of Domestic Economy. 20th revised edition. 12mo., cloth. 

LESLIE (Miss).— Two Hundred Receipts in French 
Cookery. 

Cloth, 12mo. 

LIEBER.— Assayer's Guide : 

Or, Practical Directions to Assayers, Miners, and Smelters, for the 
Tests and Assavs, by Heat and by Wet Processes, for the Ores of all 
the principal Metals, of Gold and Silver Coins and Alloys, and of 
Coal, etc. By OscAa M. Liebee. 12mo., cloth. . . $1.25 

LOTH.— The Practical Stair Builder : 

A Complete Treatise on the Art of Building Stairs and Iland-Rails. 
Designed for Carpenters, Builders, and Stair-Builders. Illustrated 
with Thirty Original Plates. By C. Edward Loth, Professional 
Stair-Builder. One large 4to. volume. .... $10.00 

LOVE.— The Art of Dyeing, Cleaning, Scouring, and 
Finishing, on the Most Approved English and 
French Methods: 

Being Practical Instructions in Dyeing Silks, Woollens, and Cottons, 
Feathers, Chips, Straw, etc. Scouring and Cleaning Bed and Window 
Curtains, Carpets, Rugs, etc. French and English Cleaning, any 
Color or Fabric of Silk, Satin, or Damask. By Thomas Love, a 
Working Dyer and Scourer. Second American Edition, to which are 
added General Instructions for the Use of Aniline Colors. In one 
volume, 8vo., 343 pages. $5.00 
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MAIN and BROWN.— Questions on Subjects Con- 
nected with the Marine Steam-Engine : 

And Examination Papers : with Hints for their Solution. By Thomas 
J. Main, Professor of Mathematics, Royal Naval College, and Thomas 
Brown, Chief Engineer, R. N. 12mo., cloth. . . . $1.60 

MAIN and BBOWN.— The Indicator and Dynamo- 
meter:* 

With their Practical AppDcations to the Steam-Engine. By Thomas 
J. Main, M. A. F. R., Assistant Professor Royal Naval CoUe^, Ports- 
mouth, and Thomas Brown, Assoc. Inst. C. E., Chief Engineer, R. 
N., attached to the Royal Naval College. Illustrated. From the 
Fourth London Edition. 8vo $1.50 

BCAIN and BBOWN.— The Marine Steam-Engine. 

By Thomas J. Main, F. R. ; Assistant S. Mathematical Professor at 
the Royal Naval College, Portsmouth, and Thomas Brown, Assoc. 
Inst. C. E., Chief Engineer R. N. Attached to the Royal Naval Col- 
lege. Authors of " Questions connected with the Marine Steam-En- 
gine," and the " Indicator and Dynamometer." With numerous Illus- 
trations. In one volume, 8vo $5.00 

MABTIN.— Screw-Cutting Tables, for the Use of Me- 
chanical Engineers: 

Showing the Proper Arrangement of Wheels for Cutting the Thread* 
of Screws of any required Pitch ; with a Table for Making the Uni- 
versal Gas-Pipe Thread and Taps. By W. A. Martin, Engineer. 
8vo 50 

Mechanics' (Amateur) Workshop: 

A treatise containing plain and concise directions for the manipula- 
tion of Wood and Metals, including Casting, Forging, Brazing, Sol- 
dering, and Carpentry. By the author of the " Lathe and its Uses." 
Third edition. Illustrated. 8vo $3.00 

MOLESWOBTH.— Pocket-Book of Useftd PormulaB 
and Memoranda for Civil and Mechanical Engi- 
neers. 

By Guilford L. Molesworth, Member of the Institution of Civil 
Engineers, Chief Resident Engineer of the Ceylon Railway. Second 
American, from the Tenth Condon Edition. In one volume, full 
bound in pocket-book form. ....... $2.00 

NAPIEB.~A System of Chemistry Applied to Dyeing. 

By James Napier, F. C. S. A New and Thoroughly Revised Edi- 
tion. Completely brought up to the present state of the Science, inclu- 
ding the Cnemistry of Coal Tar Colors, by A. A. Fesquet, Chemist 
and Engineer. With an Appendix on Dyeing and Calico Printing, as 
shown at the Universal Exposition, Paris, 1867. Ulustrated. In one 
Volume, 8vo., 422 pages. $5.00 
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NAFIEB.—Manual of Electro-Metallurgy : 

Including the Application of the Art to Manu^turing Processes. By 
James M apieb. Fourth American, from the Fourth London edition, 
revised and enlarged. Illustrated by engravings. In one vol., 8vo. $2.00 

KASON.^Table of Beaotions for Qualitative Chemical 
Analysis. 

By Henry B. Nason, Professor of Chemistry in the Rensselaer Poly- 
technic Institute, Troy, New York. Illustrated by Colors. . 63 

KEWBEBY.— Gleanings from Ornamental Art of 
every style : 

Drawn from Examples in the British, South Kensington, Indian, 
Crystal Palace, an^ >ther Museums, the Exhibitions of 1851 and 1862, 
and the best Englioii and Foreign works. In a series of one hundred 
exquisitely drawn Plates, containing many hundred examples. By 
Robert Newbery. 4to $12.50 

NICHOIiSON.— A Manual of the Art of Bookbinding : 

Containing full instructions in the different Branches of Forwarding, 
Gilding, and Finishing. Also, the Art of Marbling Book-edges and 
Paper. By James B. Nicholson. Illustrated. 12mo., cloth. $2.25 

"NICHOLSON.— The Carpenter's New Guide: 

A Complete Book of Lines for Carpenters and Joiners. Bv Peter 
Nicholson. The whole carefully and thoroughly revised oy H. K. 
Davis, and containing numerous new and improved and original De- 
signs tor Roofs, Domes, etc. By Samuel Sloan, Architect. lUus* 
trated by 80 plates. 4to. 

NOBBIS.— A Hand-book for Loeomotiye Engineers 
and Machinists: 

Comprising the Proportions and Calculations for Constructing Loco- 
motives ; Manner or Setting Valves ; Tables of Squares^ Cubes, Areas, 
etc., etc. By Septimus Norris, Civil and Mechanical Engineer. 
New edition. Illustrated. 12mo., cloth $1.50 

mrSTROM.—On Technological Education, and the 
Construction of Ships and Screw Propellers : 

For Naval and Marine Engineers. By John W. Nystrom, late Act- 
ing Chief Engineer, U. S. N. Second* edition, revised with additional 
matter. Illustrated by seven engravings. 12mo. . . $1.50 

O'NEILL.— A Dictionary of Dyeing and Calico Print- 
ing: 

Containing a brief account of all the Substances and Processes in use 
in the Art of Dyeing and Printing Textile Fabrics ; with Practical 
Receipts and Scientific Information. By Charles O'Neill, Ana- 
lytical Chemist ; Fellow of the Chemical Society of London ; Member 
of the Literary and Philosophical Society c f Manchester ; Author of 
" Chemistrv oi Calico Printing and Dyeing." To which is added an 
Essay on Coal Tar Colors and their application to Dyeing and Calico 
Printing. By A. A. Fesquet, Chemist and Engineer, With an Ap- 
pendix on Dyeing and Calico Printing, as shown at the Universal 
Exposition, Paris, 1867. In one volume, 8vo., 491 pages. . $5.00 
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ORTON.— Underground Treasures : 

How and Where to Find Them. A Key for the Ready Determination 
of all the Useful Minerals within the United States. By James 
Obton, a. M. Hlustrated, 12mo , $1.50 

OSBOBI7.— American Mines and Mining: 

Theoretically and .Practically Considered. By Prof. H. S. OSBOBN. 
Illustrated by numerous engravings. 8vo. {In preparation,) 

OSBORN.— The Metallurgy of Iron and Steel : 

Theoretical and Practical in all its Branches ; with special reference 
to American Materials and Processes. By H. S. OsBORN, LL. D., 
Professor of Mining and Metallurgy in Lafayette College, Easton. 
Pennsylvania. Illustrated by numerous large folding plates ana 
wood-engravings. 8vo. . . . . . .* . $15.00 

OVERMAN.— The Manufacture of Steel : 

Containing the Practice and Princinles of Working and Making Steel. 
A Handbook for Blacksmiths and Workers in Steel and Iron, Wagon 
Makers, Die Sinkers, Cutlers, and Manufacturers of Files and Hard- 
ware, of Steel and Iron, and for Men of Science and Art. By Feed- 
ERICK OvEBMAN, Mining Engineer, Author of the " Manufacture of 
Iron," etc. A new, enlarged, and revised Edition. By A. A. Fesquet, 
Chemist and Engineer. . . . . . . . . $1.50 

OVERMAN.— The Moulder and Founder's Pocket 
Guide : 

A Treatise on Moulding and Founding in Green-sand, Dry-sand, Loam, 
and Cement ; the Moulding of Machine Frames, Mill-^ear, Hollow- 
ware, Ornaments, Trinkets, Bells, and Statues; Description of Moulds 
for Iron, Bronze, Brass, and other Metals ; Plaster of Paris, Sulphur, 
Wax, and other articles commonly used in Casting ; the Construction 
of Melting Furnaces, the Melting and Founding of Jletals ; the Com- 

Sosition of Alloys and their Nature. With an Appendix containing 
Receipts for Alloys, Bronze, Varnishes and Colors for Castings ; also, 
Tables on the Strength and other qualities of Cast Metals. By Fred- 
erick Overman, Mining Engineer, Author of " The Manufacture 
of Iron." With 42 Illustrations. 12mo $1.60 

Painter, Gilder, and Varnisher's Companion : 

Containing Rules and Regulations in everything relating to the Arts 
of Painting, Gilding, Varnishing, Glass-Staining, Graining, Marbling, 
Sign- Writing, Gilding on Glass, and Coach Painting and Varnishing ; 
Tests for the Detection of Adulterations in Oils, Colors, etc. ; and a 
Statement of the Diseases to which Painters are peculiarly liable, with 
the Simplest and Best Remedies. Sixteenth Edition. Revised, with 
an Appendix. Containing Colors and Coloring - Theoretical and 
Practical. Comprising descriptions of a great variety of Additional 
Pigments, their Qualities and Uses, to which are added. Dryers, and 
Modes and Operations of Painting, etc. Together with Cnevreul's 
Principles of Harmony and Contrast of Colors. 12mo., cloth. $1.60 
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PAIiLETT.~The Miller's, Millwright's, and Engineer's 
Guide. 

By Heney Pallett. Illustrated. In one volume, 12rao. $3.00 

FEBCY.— The Manufacture of Russian Sheet-Iron. 

By John Pebcy, M.D., F.R.S., Lecturer on Metallurgy at the Royal 
School of Mines, and to The Advanced Class of Artillery Officers at 
the Royal Artillery Institution, Woolwich ; Author of" Metallurgy." 
With Illustrations. 8vo., paper. ...... 60 cts. 

PERKINS.— Gas and Ventilation. 

Practical Treatise on Gas and Ventilation. With Special Relation to 
Illuminating, Heating, and Cooking by Gas. Includixig Scientific 
Helps to Engineer-stiidents and others. With Illustrated Diagrams. 
By E. E. Perkins. i2mo., cloth $1.25 

PERKINS and STOWE.—A New Guide to tho Sheet- 
iron and Boiler Plate Roller : 

'Containing a Series- of Tables showing the Weight of Slabs and Piles 
to produce Boiler Plates, and of the Weight of Piles and the Sizes of 
Bars to produce Sheet-iron; the Thickness of the Bar Gauge in 
decimals ; the Weight per foot, and the Thickness on the Bar or Wire 
Gauge of the fractional parts of an inch ; the Weight per sheet, and 
the Thickness on the Wire Gauge of Sheet-iron of various dimensions 
to weigh 112 lbs. per bundle: and the conversion of Short Weight 
into Long Weight, and Long Weight into Short. Estimated and col- 
lected by G. H. Perkins and J. G. Stowe $2.50 

PHILLIPS and DARLINGTON.— Records of Mining 
and MetfkUurgy; 

Or Facts and Memoranda for the use of the Mine Agent and Smelter. 
By J. Arthur Phillips, Mining Engineer, Graduate of the Imperial 
School of Mines, France, etc., and John Darlington. Illustrated 
by numerous engravings. In one volume, 12mo. . . $1.50 

PROTEAUX.— Practical Guide for the Manufacture 
of Paper and Boards. 

By A. Proteatjx, Civil Engineer, and Graduate of the School of Arts 
and Manufactures, and Director of Thiers* Paper Mill, Puy-de-D6me. 
With additions, by L. S. Le Normand. Translated from the French, 
with Notes, by HORATIO Paine, A. B., M. D. To which is added a 
Chapter on the Manufacture of Paper from Wood in the United 
States, by Henry T, Brown, of the •' American Artisan." Illus- 
trated by six plates, containing Drawings of Raw Materials, Machi- 
nery, Plans of Paper-Mills, etc., etc. 8vo $10.C0 

• 

EEGNAULT.— Elements of Chemistry. 

By M. V. Begnault. Translated from the French by T. Forrest 
Betton, M. D., and edited, with Notes, by James C. Booth, Melter 
and Refiner U. S. Mint, and Wm. L. Faber, Metallurgist and Mining 
Engineer. Illustrated by nearly 700 wood engravings. Comprising 
nearly 1500 pages. In two volumes, 8vo., oloth. . • , $7.50 
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REID.— A Practical Treatise on the Manufacture of 
Portland Cement: 

Bjr Henry Reid, C. E. To which is added a Translation of M. A. 
Lipowitz's Work, describing a New Method adopted in Germany for 
Manufacturing that Cement, by W. F. Reid. Illustrated by plates 
and wood engravings. 8vo ^.00 

EIPFAULT, VEBGNAITD, and TOUSSAINT.— A 
Practical Treatise on the Manufacture of Var- 
nishes. 

By MM. RiFFAULT, Vergnattd, and Toussaint. Revised and 
Edited by M. F. Malepeybe and Dr. Emil Winckleb. Illustrated. 
In one volume, 8vo. {In preparation,) 

BIPPAULT, VERGNAUD, and TOUSSAINT.-A 
Practical Treatise on the Manufacture of Colors 
for Painting: 

Containing the best Formuls3 and the Processes the Newest and in 
most General Use. By M M. Riffault, Vergnaud, and Toussaint. 
Revised and Edited bv M. F. Malepeyre and Dr. Emil Winckler. 
Translated from the ^Trench by A. A. Fesquet, Chemist and Engi- 
neer. Illustrated by Engravings. In one volume, 650 pages, 8vo. 

$7^0 

BOBINSON.— Explosions of Steam Boilers: 

How they are Caused, and how they may be Prevented. By J. R. 
Robinson, Steam Engineer. 12mo. . . . . . $1.25 

BOPER.— A Catechism of High Pressure or Non- 
Condensing Steam-Engines : 

Including the Modelling, Constructing, Running, and Management 
of Steam Engines and Steam Boilers. With Illustrations. By 
Stephen Roper, Engineer. Full bound tucks . . . $2.00 

BOSELEUR.— Galvanoplastic Manipulations : 

A Practical Guide for the Gold and Silver Electro-plater and the 
Galvanoplastic Operator. Translated from the Frencn of Alfred 
Roseleur, Chemist, Professor of the Galvanoplastic Art, Manufactu« 
rer of Chemicals, Gold and Silver Electro-plater. By A. A. Fesquet,. 
Chemist and Engineer. Illustrated by over 127 Engravings on wood. 
8vo., 495 pages $6.00 

j^^ This Treatise is the fullest and hy far the best on this subject ever 
published in the United States, 

SCHINZ.— Researches on the Action of the Blast 
Furnace. 

By Charles Schinz. Translated from the German with the special 
permission of the Author by William H. Maw and Moritz Mul- 
LER. With an Appendix written by the Author expressly for this 
edition. Illustrated by seven plates, containing 28 figures. In one 
volume, 12mo. $4.00 
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SHAW.— Civil Architecture: 

Being a Complete Theoretical and Practical System of Building, con- 
taining the Fundamental Principles of the Art. By Edward SnAW, 
Architoot. To which is added a Treatise on Gothic Architecture, etc. 
Bv Thomas W. Silloway and Geobge M. Harding, Architects. 
Tne whole illustrateU by One Hundred and Two quarto plates finely 
engraved on copper. Eleventh Edition. 4to., cloth. . $10.00 

SHUNK.— A Practical Treatise on BailwaF Cornea 
and Location, for Young Engineera. 
By William F. Shtjnk, Civil Engineer. 12mo. . . $2.00 

SLOAN.— American Houses: 

A variety of Original Designs for Rural Buildings. Hlustrated by 26 
colored Engravings, with Descriptive References. By Samuel Sloan, 
Architect, author of the " Model Architect," etc., etc. 8vo. $1.50 

SMEATON.— Builder's Pocket Companion: 

Containing the Elements of Building, Surveying, and Architecture ; 
with Practical Rules and Instructions connected with the subject. 
By A. C. Smeatox, Civil Engineer, etc. In one volume, ICmo. ^1.50 

SMITH.— A Manual of Political Economy. 

By E. Peshine Smith. A new Edition, to which is added a full 
Index. 12mo., cloth $1.25 

SMITH.'--Pa>k& and Pleasure Grounds : 

Or Practical Notes on Country Residences, Villas, Public Parks, and 
Gardens. B^ Charles H. J. Smith, Landscape Gardener and 
Garden Architect, etc., etc. 12mo. $2.25 

SMITH.— The Dyer's Instructor: 

Comprising Practical Instructions in the Art of Dyeing Silk, Cotton, 
Wool, and .Worsted, and Woollen Goods : containing nearly 800 
Receipts. To which is added a Treatise on the Art of Padding ; and 
the Printing of Silk Warps, Skeins, and Handkerchief, and tho 
various Mordants and Colors for the different styles of such work. 
By David Smith, Pattern Dyer. 12mo., cloth. . . . $3.00 

SMITH.— The Dyer's Instructor: 

Comnrising Practical Instructions in the Art of Dveing Silk, Cotton, 
Wool^ and Worsted and Woollen Goods. Third ^itlon. with many 
additional Receipts for Dyeing the New Alkaline Blues and Night 
Greens, wiih Dyed PiiUenis affixed. 12mo., pp. 394, cloth. . $10.50 

STEWART.— The American System. 

Speeches on the Tariff Question, and on Internal Improvements, princi^ 
pally delivered in the House of Representatives of the United States. 
By Andrew Stewart, late M. C. from Pennsylvania. With a Portrait, 
and a Biographical Sketch. In one volume, 8vo., 407 pages. $3.00 
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STOKES.— Cabinet-maker's and Upholsterer's Com- 
panion : 

Comprising the Rudiments and Principles of Cabinet-making and Up- 
holstery, with Familiar Instructions, illustrated by Examples for 
attaining a Proficiency in the Art of Drawing, as applicable to Cabi- 
net-work ; the Processes of Vcneerins^, Inlawing, and Buhl- work ; the 
Art of Dyeing and Staining Wood, Bone, Tortoise Shell, etc. Direc- 
tions for Lackering, Japanning, and Varnishing; to make Frcncli 
Polish ; to prepare the Best Glues, Cements, and Compositions, and a 
number of Receipts particularly useful for workmen generally. By 
J. Stokes. In one volume, 12mo. With Illustrations. . $1.25 

Strength and other Properties of Metals : 

Reports of Experiments on the Strength and other Properties of Llctals 
for Cannon. With a Description of the Machines for testing Metals, 
and of the Classification of Cannon in service. Bv Officers of the Ord- 
nance Department U. S. Army. By authority of the Secretary of War. 
Illustrated by 25 Jargc steel plates. In one volume, 4to. . $10.00 

SULLIV AIT.— Protection to Native Industry. 

By Sir Edwabd Sullivan, Baronet, author of " Ten Chapters on 
Social Reforms." In one volume, 8vo $1.50 

Tables Showing the Weight of Bound, Square, and 
Plat Bar Iron, Steel, etc.. 

By Measurement. Cloth 63 

TAYLOB.— Statistics of Coal : 

Including Mineral Bituminous Substances employed in Arts and 
Manufactures ; with their Geographical, Geological, and Commercial 
Distribution and Amount of Production and Consumption on the 
American Continent. With Incidental Statistics of the Iron Manu- 
facture. By R. C. Taylor. Second edition, revised by S. S. Hal- 
DEMAN. Illustrated by five Maps and many wood engravings. 8vo., 
cloth • . $10.00 

TEMPLETON.— The Practical Examinator on Steam 
and the Steam-Engine : 

With Instructive References relative thereto, arranged for the Use of 
Engineers, Students, and others. By Wm. Templeton, Engineer. 
12mo $1.25 

THOMAS.— The Modern Practice of Photography. 
By R. W. Thomas, F. C. S. 8vo., cloth 75 

THOMSON.— Freight Charges Calculator. 
By Andrew Thomson, Freight Agent. 24mo. . . . $1.25 

TUENING: Specimens of Fancy Turning Executed 
on the Hand or Foot Lathe: 

With Oeometric, Oval, and Eocentric Chucks, and Elliptical Cutting 
Frame. By an Amateur. Illustrated by 30 exquisite Photographs. 
4to 13.00 
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Turner's (The) Companion: 

Containing Instructions in Concentric, Elliptic, and Eccentric Turn- 
ing : also various Plates of Chucks, Tools, and Instruments ; and Di- 
rections for usin^ the Eccentric Cutter, Drill, Vertical Cutter, and 
Circular Best ; with Patterns and Instructions for working them. A 
new edition in one volume, 12mo. $1.50 

TJBBIN.— BRULL.— A Practical Guide for Puddling 
Iron and SteeL 

By Ed. Ubbin, Engineer of Arts and ManufiM^tures. A Prize Essa^ 
read before the Association of Engineers, Graduate of the School of 
Mines, of Liege, Belgium, at the Meeting of 1 865-6. To which is added 
A Comparison of the Besistinq Properties of Iron and Steel. 
By A. Brull. Translated from the French by A. A. Fesquet, Che- 
mist and Engineer. In one volume, 8vo $1.00 

VAIIiE.— Galvanized Iron Cornice- Worker's Manual.* 

Containing Instructions in Laying out the Different Mitres, and Ma- 
king Patterns for all kinds of Plain and Circular Work. Also, Tables 
of vVeights, Areas and Circumferences of Circles, and other Mattel 
calculated to Benefit the Trade. By Charles A. Vaile, Superin- 
tendent " Bichmond Cornice Works)" Bichmond, Indiana. Illustra- 
ted by 21 Plates. In one volume, 4to $5.00 

VILLE.— The School of Chemical Manures : 

Or, Ellementary Principles in the Use of Fertilizing Agents. From the 
French of M. George Ville, by A. A. Fesquet, Chemist and Engi- 
neer. With Illustrations. In one volume, 12 mo. . . $1.25 

VOGDES.— The Architect's and Builder's Pocket Com- 
panion and Fried Book: 

Consisting of a Short but Comprehensive Epitome of Decimals, Duo- 
decimals, Greometry and Mensuration ; with Tables of U. S. Measures, 
Sizes, Weights, Stren^hs, etc., of Iron, Wood, Stone, and various 
other Materials, Quantities of Materials in Given Sizes, and Dimen- 
sions of Wood, Brick, and Stone; and a full and complete Bill of 
Prices for C . ^»r i , t. , j ^ x.. j ir_i--«__ 

Brick and 
Frank W. 

book form. . $2.00 

Bound in cloth . 1.50 

WABN.— The Sheet-Metal Worker's Instructor: 

For Zinc, Sheet-Iron, Copper, and Tin-Plate Workers, etc. Contain- 
ing a selection of Geometrical Problems ; also. Practical and Simple 
Bules for describing the various Patterns required in the different 
branches of the above Trades. By Beuben H. Warn, Practical Tin- 
plate Worker. To which is added an Appendix, containinglnstruc- 
tions for Boiler Making, Mensuration of Surfaces and Solids, Bules for 
Calculating the Weights of different Figures of Iron and Steel, Tables 
of the Weights of Iron, Steel, etc. Illustrated by 32 Plates and 37 
Wood Engravings. 8vo. $3.00 
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WATSOK.— A Manual of the Hand-Lathe : 

Comprising Concise Directions for working Metals of all kinds,^ Ivory, 
Bone and Precious Woods ; Dyeing, Coloring, and French Polishing ; 
Inlaying by Veneers, and various methods practised to produce £lalK>- 
rate work with Dispatch^ and at Small Expense. By Ek>BERT P. 
Watson, late of " Tne Scientific American," Author of <* The Modern 
Practice of American Machinists and Engineers/' Illustrated by 78 
Engravings $1.50 

WATSON.— The Modem Practice of American Ma- 
chinists and Engineers: 

Including the Construction, Application, and Use of Drills, Lathe 
Tools, Cutters for Boring Cylinders, and Hollow Work Generally, 
with the most Economical Speed for the same ; the Results verified by 
Actual Practice at the Lathe, the Vice, and on the Floor. Together 
with Workshop Management, Economy of Manufacture, the Steam- 
Engine, Boilers, Gears, Belting, etc., etc. By Egbert P. Watson, 
late of the " Scientific American." Illustrated by 86 Engravings. In 
one volume, 12mo $2.50 

WATSON.— The Theory and Practice of the Art of 
Weaving by Hand and Power : 

With Calculations and Tables for the use of those connected with the 
Trade. By John Watson, Manufacturer nnd Practical Machine 
Maker. Illustrated by large Drawings of the best Power Looms. 
8vo $7.60 

WEATHBRIiY.— Treatise on the Art of Boiling Su- 
gar, Crystallizing, Lozenge-making, Comfits, Gum 
Goods. 

12mo $2.00 

WILL.— Tables for Qualitative Chemical Analysis. 

By Professor Hkinrich Will, of Giessen, Germany. Seventh edi- 
tion. Translated by Charles F. Himes, Ph. D., Professor of Natu- 
ral Science, Dickinson College, Carlisle, Pa. . . . ;^1.50 

WILLIAMS.— On Heat and Steam : 

Embracing New Views of Vaporization, Condensation, and Explosions. 
By Charles Wye Williams, A. I. C. E. Illustrated. 8vo. $3.50 

WOHUEB^— A Hand-Book of Mineral Analysis. 

By F. WOHLER, Professor of Chemistry in the Universitv of Gottin- 

fen. Edited by Henry B. Nason, Professor of Chemistry in the 
Lensselaer Polytechnic Institute, Troy, New York. Illustrated. In 
one volume, 12mo $3 00 

WOBSSAM.— On Mechanical Saws: 

From the Transactions of the Society of Engineers, 1869. By S. W, 
WOBSSAM, Jr. Illustrated by 18 large plates. 8vo. . . $o.oC 
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EEOENT ADDITIONS TO OUR LIST. 



AUERBACH. — Anthracen : Its Constitution, Properties, Man- 
ufacture, and Derivatives, including Artificial Alizarin, An- 
thrapurpurin, with their applications in Dyeing and Printing. 

By G. AUERBACH. Translated and edited by Wm. Crookes, F. R. S. 
8vo $5.00 

BECKETT. — Treatise on Clocks, Watches and Bells. 
By Sir Edmund Beckett, Bart. Illustrated. 12mo. . $1.75 

BARLOW. — The History and Principles of Weaving, by Hand 
and by Power. 
Several Hundred Illustrations. 8vo. $10.00 

BOURNE. — Recent Improvements in the Steam Engine. 
By John Bourne, C. E. Illustrated. 16nio. . . . $1.50 

CLARK. — Fuel: Its Combustion and Economy. 
By D. KiNNEAR Clark, C. E. 144 Engravings. 12mo. . $2.25 

CRISTIANI.— Perfumery and Kindred Arts. 
By R. S. Cristiani. 8vo. $5.00 

COLLENS.— The Eden of Labor, or the Christian Utopia. 
12rao. Paper, $1.00; Cloth, ...... $1.25 

CUPPER.— The Universal Stair Builder. 
Illustrated by 29 plates. 4to. $5.00 

COOLEY. — A Complete Practical Treatise on Perfumery. 
By A. J. CoOLEY. 12mo. . . * $1.50 

DAVIDSON.— A Practical Manual of House Painting, Grain- 
ing, Marbling and Sign Writing : 

With 9 Colored Illustrations of Woods and Marbles, and many Wood 
Engravings. 12mo. $3.00 

EDWARDS.— A Catechism of the Marine Stesm Engine. 
By Emory Edwards. Illustrated. 12nio. . . . $2.00 

HASERICK.— The Secrets of he Art of Dj eing Wool, Cotton, 
and Linen : 

Including Bleaching and Coloring Wool and Cotton Hosiery and 
Random Yarns. By E. C. Haserick. Illustrated by 323 Dye'd Pat- 
terns of the Yarns or Fabrics. 8vo $25.00 

HENRY.— The Early and Later History of Petroleum. 
By J. T. Henry. Illustrated. 8vo $4.50 
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KELLOGG. — A New Monetary System. 

By Ed. Kellogg. Fifth Edition. Edited by Maky Kellogg 
Putnam. 12mo. Paper, $1.00 ; Cloth, .... $1.50 

K£MLO.~ Watch Repairer's Hand-Book. 
Illustrated. 12mo. $1.25 

MORRIS. — Easy Rules for the Measurement of Earthworks by 
means of the Prismoidal Formula. 

By Elwood Morris, C. E. 8vo. $1.50 

McCULLOCH.—Distillation, Brewing and Malting. 
By J. C. McCulloch. 12mo . $1.00 

NEVILLE.— Hydraulic Tables, Co-Efficients, and Formulae 
for Finding the Discharge of Water from Orifices, Notches, 
Weirs, Pipes, and Rivers. 

Illustrated. 12mo, $5.00 

NICOLLS.— The RaUway Builder. 

A Hand-book for Estimating the Probable Coat of American Railway 
Construction and Equipment. By Wm. J. NicoLLS, C. E. Pocket- 
book Form $2.00 

NORMANDY. — The Commercial Hand-book of Chemical 
Analysis. 
By H. M. NOAD, Ph. D. 12mo $5.00 

PROCTOR.— A Pocket-Book of Useful Tables and Formulae 
for Marine Engineers. 

By Frank Proctor. Pocket-book Form. . . . $2.00 

ROSE. — The Complete Practical Machinist : 

Embracing Lathe Work, Vise Work, Drills and Drilling, Taps and 
Dies, Hardening and Tempering, the Making and iJse of Tools, etc., 
etc. By Joshua Rose. 130 Illustrations. 12mo. . . $2.50 

SLOAN. — Homestead Architecture. 
By Samuel Sloan, Architect. 200 Engravings. 8vo. . $3.50 

SYME. — Outlines of an Industrial Science. 
By David Syme. 12mo. $2M 

WARE. — The doachmaker's Illustrated Hand-Book. 

Fully Illustrated. 8vo. . . . . . . . $3.00 

WIGHTWICK.— Hints to Young Architects. 
Numerous Wood Cuts. 12mo. . . . . . . $2.00 

WILSON.— First Principles of Political Economy. 
12mo $1.50 

WILSON.—A Treatise on Steam Boilers, their Strength, Con- 
struction, and Economical Working. 
By ROBT. Wii^Oi*. Illustrated. 12mo $2.50 



